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RESPONSE OF OAT TO CHLORIDE FERT I LIZAT ION 
ABSTRACT 
PAUL E .  GASPAR 
Several studies conducted in South Dakota have shown 
s ign i f icant yield increases in wheat and b a r l ey due t6 
ch l o r ide ( Cl )  fert i l i z at ion . The e f fects of  C l  o n  oa t 
w e r e  e v a l u a t e d  i n  t h e  g r e e nh o u s e  a n d  t w o  f i e l d  
experiments . Five cultivars and 3 KCl fert i l i z er l evel s  
( 0 ,  5 8 , a n d  1 1 7 K g  ha - 1 ) w e r e  t e s t e d  i n  a f a c t o r i a l  
a rrangement . I n  a second experiment , f ive N fert i l i z er 
leve l s  ( 0 ,  3 4 , 6 8 , 1 0 2 , 1 3 6 kg ha- 1 ) and 2 KCl fert i l i z er 
l evel s  ( 0  and 1 3 5  kg ha- 1 ) on oat ( Benson ) were tested in 
a facto r i a l  arrangement. T he g r e e n h ou s e  study h a d  4 
l eve l s  of Cl ( 0 ,  1 0 , 2 0 , and 4 0  mg 1 - 1 ) and two wate r ing 
s c h e d u l e s ( non - r e s t r i c t e d  a n d r e s t r i c t e d ) . T h e  
obj ectives were : ( a )  determine i f  oat .cul t ivars re spond 
to Cl f e rt i l i z at ion , ( b )  exam ine the eff e c t  of Cl pn 
p l a n t w a t e r  re l a t i o n s  {c ) e x am i n e  th e r e l a t i o n s h i p  
between C l  fert i l i zat ion and crown rus t  i nfect i�n , ( d) 
eva luate the effected df N and Cl tert i l i zat i on on g ra i n  
�i e l d  a n d  l o dg i ng , a n d  (e) ev a l u a t e  t h e  a n t ag o n i sm 
between N03- and Cl - uptake . . �. 
. , · 
Ch lor ide add it j on s ig n if i cant l y  i n c re as ed oat grain 
y i e l d at s ome s it es. T he add i t ion of 32 kg. C l  hal- gav e 
nea r maximum oat gra i n  yie l d. At t he C l  responsive sit es, 
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I .  INTRODUCTION 
The chloride ( Cl )  anion was first recogn i zed as an 
essenti al micronutrient in 1954  ( Broyer , 1 9 54 ) . Broyer 
' 
was abl e  to show Cl deficiency symptoms on tomato ( Lycop-
ers icon esculentum) grown in a hydroponic solut ion 
l acking Cl . The Cl def iciency symptoms found on the 
tomato p l ant were wilting leaf tips , chl orosi s , necros is,  
and bron z ing . · aroyer bel ieved the critical Cl - solution 
concentrat ion needed for normal growth was 0 . 2 6 g kg- 1 . 
In 1 9 5 7 , Johnson et al . reported a the critical Cl ­
concentrat i on _in p l ant tissue was 0 . 1 g kg- 1 . Recently , 
Fixen et al . ( 19 8 7 ) found the optimum p l ant 
concentrat ion needed for max imiz ing grain y ield was 
approximately 1 . 5 g kg-1 in spring wheat ( Triticum 
aest i vum L . ) at heading stage . S ign i f icant grain yield 
increases due to Cl have occurred in spring wheat , (� 
aesti vum L . ) winter wh�_at . (h aesti vum L . ) ,  barley 
( Hordeum vulgare. L . ) ,  sugarbeet ( Beta- vulgaris L . ) ,  ·and 
potato ( So l anum tuberosum) . 
The reason for the · response to Cl i s  not clear .  Some 
of the reasons proposed are ; cofactor for-photosynthes i s , 
p l ant water rel ations , andjor diseas e. suppression . A 
number o f  researchers have -suggested c1· i s  an 'ess ent i al 
cofactor for photosynthes�s ( Bove et al . ,  1 9 6 3 , Heath and 
Hind , 19 6 9 , and I z awa, Heath , and Hind , 1 9 69 ) . However , 
1 
Terry { 19 7 7 ) suggested Cl reduced lea f area but did not 
decrease the rate of photosynthesi s  per unit area. 
Currentl y  · many researchers are undecided on the 
biochemical rol e  Cl plays in enzyme activation and 
photosynthes i s . 
The e ffect of Cl on plant water relat i on i s  currently 
be ing evaluated by a ·number of researchers . Fixen et 
al . , { 19 8 6 )  and Christensen et al . ,  { 1 9 8 1 )  have 
demonstrated positive a ffects on plant water relations 
due to Cl fertil ization . If Cl reduces the · osmotic 
potential and increases relative water content in plants , 
the addition o f  Cl may al low the plant to continue growth 
and development under stressful cond itions . 
An interact ion between Cl- and N03
- anions· for uptake 
has been found by Beaten , 1984 , Fixen et a l . · 1 9 8 7 , and 
Goos et al . 1 9 8 7 . Chl oride fert i l i z ation can reduce No3 -
uptake and No3
- can compete with Cl - uptake . In oat 
(Avena sativa L . ) production there is a 
relationship between nitrogen fert i l ization and 
positive 
·l odging . 
Brinkman ( 19 8 5 )  and Ohm ( 19 7 6 )  showed s igni ficant 
increases in lodging due to increases in nitrogen 
fert i l i z at ion . A reduction i� nitrogen uptake caused by · 
the antagoni sm between the N03 -. . and Cl - anion may result 
in a decrease in lodging . 
2 
Chl or ide research has primarily been conducted on 
wheat , barley , sugarbeet , and potato . Littl e  research 
has been conducted on oat . Therefore , three experiments 
were proposed to evaluate the response of oat to chloride 
fert i l i z at ion . The principal obj ectives of these stud ies 
were to : { a )  determine if different oat cult ivars respond 
the same to Cl fertil i z ation , { b )  examine the effect of 
Cl has on relative water content , osmotic potent ial , 
osmoti c  potential adj usted for ful l  turgor , water 
potential , and stomatal conductance , ( c )  examine the 
rel ationship between Cl fertil i z ation and crown rust 
( Puccinia coronata ) infection , { d )  evaluate the 
relationsh ip between grain yield , lodging and level s  of 
N and Cl . 
3 
II. The Response of Oat Cultivars to Chloride 
INTRODUCTION : 
Chl oricle ( Cl )  additions at moderate l eve l s  can resul t 
in an increase in small grain yield ( Christensen, et a l . 
1 9 8 2 ; F ixen , et al . 198 6a ; Goos et al . 1 9 8 7 ; Timm et a l. 
1 9 8 6 ; Z ub r i s ki et a l . 1 9 7 0 ) . Y i e l d  re sp o n s e  h a s  been 
primari l y  demonstrated for wheat ( Triticum aest ivum L.) 
and b a r l ey ( Ho rdeum vu lgare L . ) cu l t iv a r s . So i l  Cl 
l evel s  > 4 3 . 5  kg ha- l ( 0 -6 0  em) were adequate for nea r ­
maximum wheat y i e l d  ( Fixen e t  al . 1 9 8 6b ) . Fixen et a l .  
( 19 8 7 ) found wheat varieties responded d i f ferently t o  the 
a d d i t i o n o f  pot a s s i u m  ch l o r i d e  ( K C l ) f e r t i l i ze r . 
Pre l i m i n a ry resea rch conducted at S outh Dakota st ate 
Univers ity in 1 9 8 5  indicated that some oat ( Avena sat i va 
L . ) variet ies responded positively where others did not . 
Ch l o ride add i t ion has an a f fect on p l a nt s o l ute 
concentrati on ( Christensen et al . 1 9 8 1 ) . Chr istensen, et 
a l . ( 1 9 8 1 )  f ound o smotic potent ia l s  for NH4 C l  irea ted 
w i nt e r  wheat p l ants were s ign i f i cant l y  l ower than f o r  
( NH4 ) 2 s o4 treatment s . The o smot i c  pot �nt i a l  at full 
4 
. turgor was a l so l ower in the Cl treated p l an�s .  Th i �  
wou l d  i nd i cate that o smoregu l at i on occurred ,and that · 
plant turgor wa s increase��· ( Hs iao , et ·a l . 1 9 7 6 ; Meyer, 
and Boyer , 1 9 7 2 ; Turner
-
and Jones , 1 9 8 0 ) . Th i s  could 
result i n  cont inued growth under stre ss ful cond i t i ons . 
When t u r g o r  p r e s s u r e  wa s ma i nt a i ne d  u n d e r  s t r e s s f ul 
condit ions , plants had greater growth rates than p l a nt 
wh i ch d i d  not ma i nta in turgor ( Mo rgan , 1 9 8 8 ) . Turg o r  
ma intenance may a l s o  have a n  af fect on l ea f  exten s i o n, 
lea f  senescence , leaf roll ing , leaf angle ,  lea f  waxines s ,  
and the rate o f  development . Morgan , ( 1 9 8 3) showed that 
p l a n t s w i t h ·t h e  a b i l i t y  to o s m o t i c a l l y ad j u s t 
( osmoregulation in response to water stress ) had a highe r  
number o f  i n it i ated _t i l l ers and greate r s eed s e t  p e r  
t i l l e r . S i n c e  g r a i n  y i e l d  i s  t h e  p r o d u c t  o f  
infl ores cences per unit area , seeds per i n f l ore scence , 
a n d  s e e d  w e i gh t , o n e  c ou l d  a s s um e  a p l a n t  w i t h  t h e 
abi l ity·to osmot ically adj ust would have h igher y i e l d s . 
The u nd e r s t a n d ing o f  water re l at i o n s h i p s  a nd h ow Cl 
effects them , could help in expla ining t he rol e  of Cl in 
oat productivity . 
Many investigators have concluded-that Cl has a rol e 
in disease control in small grains ( Christensen , · et. al . ,  
1 9 8 2 ; Fixen , et al . ,  1 9 8 6b ; Goes , et al . ,  1 9 8 7 ; Powel son 
and Jackson , 1 9 7 8 ; Russel l ,  1 9 7 8 ; · T imm et al _. ,
· 1 9 8 6 ) . 
T imm e t  a l . ( 1 9 8 6 )  f ound a s i gn i f i c an t  reduct i o n  o f  
common root rot . ( Cochiolobo l us sativu s ) · in  barley with 
the add i t i on of KCl . Barl ey yields tended-t o  increas e  
with KCl additions . Christensen e t  al . ,  ( 19 8 2 ) found Cl-
5 
containing fert i l i zer s ign ificantly reduced take-all root 
rot ( Ga eumannomyce s  grami n i s  var . tr itic i  Wa l ke r )  a n d  
stripe rust ( Pucc i n i a  str i i form i s  Wes t ) resu l t i ng in 
increased wheat yields . Chlor ide caused the suppress ion 
of stripe rust by either lengthening the latent period or 
by reducing the amount of effective inoculum . Russell, 
( 1 9 7 8 )  a l s o  found a reduct ion o f  stripe rust on several 
wi nt er wheat cul tivars as the resul t  of the add ition of 
sod ium chloride or KCl . Fixen et al . ( 1 9 8 6b )  found that 
Cl add i t i ons · s ign i ficantly reduced tanspot ( Pyrenophora 
t r i c h o s t om a  ( F r . ) F c k l . )  a n d l e af ru s t  ( P u c c i nia 
recondita Rob . ex Desm . f .  sp . tritici ) i n  spring wheat . 
Crown rust ( Puccinia coronata ) is a maj or di sease o f  oat . 
Howev e ri the re l at i onship o f  Cl to the expre s s i on of 
crown rust on oat is unknown . 
The obj ect ive s o f  th i s  invest igation were to : ( a) 
d e t e rm i n e i f  s e l e c t e d  o a t  cu l t i v a r s  r e s p o nd t o  KC l 
addition on h igh K-testing soils ; ( b )  evaluate the ef fect 
Cl add i t i on ha s on pl ant water re l at i on s  und e r  f i eld 
cond it ions ; and ( c )  examine the relation$hip between Cl 
. additions and crown rust infection in oat . 
6 
MATERIALS AND METHODS: 
During 19 8 6  and 1987 , experiments were conducted on 
P a c h i c  U d i c  H a p l o b o r o l l s  a n d  U d i c  H ap l u s t o l l s  
i n  eas t e rn S outh Dakota . The s i t e s  we re v e ry h i gh i n  
ammo n i um a c e t at e  e x t r ac t a b l e  K ( K  > 3 9 1  k g  h a- 1 ). 
P r op e r t i e s  o f  the s o i l s , previo u s  c r o p , a nd t i l l a g e  
practices a t  each s ite are presented i n  Tables 1 and 2 .  ·A 
g l as s  e l ectrode us ing l : l ( wjw ) s o i l  to water rat i o  on a 
stirred s amp l e  wa s used to determine pH . The orga nic 
matter c ontent wa s determined by the mod i f i ed Wal k l ey 
Bl ack method . . N itrate was determined by u s ing an Orion3 
spec i f i c  ion el ectrode , phosphorus by the Bray and Kurtz 
no . l  m e t h o d  w i th l : l O ( wjv ) s o i l  t o  s o l u t i o n r at i o ,  
potass ium by extraction with ammonium acetate , and Cl - by 
potenti ometric titration with AgNo3 . Al l s �i l  anal ys i s  
except C l - determ ination were done by the S outh Dakota 
State Un iver s ity S o i l  Test ing Laboratory ( Ca r s on a nd 
Gelderman , 1 9 8 0 )  . · 
T h e e xp e r i m e n t  wa s c o n du c t e d  ·i n  a s p l i t  pl o t  
randomi z ed complete block des ign with s ix repl ications . 
The ma in plot treatments were oat cultivars and the sub­
plot treatments were o, 58 , and_l17 Kg KCl ha- l . The KCl 
was broadcas t  an.d incorporated with a f i e l d  cul t ivator . 
Four o f  the five sites were located on fields o f  farmer­
cooperators while the other site was located on the South 
7 
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Table 1. Site characteristics, 1986-1987. 
Previous Tillage 
Site County Soil type and classification Crop System 
86H Haml ine Estelline sil, Pachic Udic Haploboroll wheat chisel-disk 
86L Lake Dempster sil, Udic Haplustoll soybean double disk 
87H Haml ine Estelline sil, Pachic Udic Haploboroll fallow plow-disk 
87L Lake Dempster sil, Udic Haplustoll soybean double disk 
878 Brookings Lismoure sil, Pachic Udic Haploboroll corn plow-disk 
Table 2 .  Site Characteristics, 1986 - 19 8 7  
0 to 6 0  em 6 1  to 1 2 0  em 0 to 1 5  em 
----------- ------------ ---------- Organic 
Site N03 -N ci N03 -N Cl p K pH Matter 
-------------------------------�------------------------
-------------- kg ha-l -------------- g kg-1 
8 6H 55 2 5  73  3 5  2 0  5 9 4  7 . 4 3 8 
8 6L 3 4  2 8  19 3 8  9 4  4 4 8  6 . 6 35 
8 7H 1 0 0  1 0  71 12 12 1 70 6 7 . 3 2 3  
8 7L 4 8  3 9  3 2  3 4  2 8  4 70 6 . 2  30 
8 7 B  5 7  2 5  4 1  2 6  173 "5 6 0  6 . 9  3 5 
Dakota State Univers ity Agronomy Farm in Brookings , S D . 
s ites were seeded i n  the l a st two weeks o f  Apri l .  The 
oat cul t ivars seeded at each s ite were Benson , Froker , 
Lancer ,  Moore , and O gle . Plot s i z e wa s 1 . 2  m by 7 . 6  m 
at a l l  s ites . The herbicides used for weed control were 
Propach l o r  and Bromoxyn i l  + MCPA . N itrogen fert i l i z e r 
was appl ied based on a 3 . 5 9 Mg ha-l grain yield goal and 
account ing for nitrate-n itrogen to a 6 0  em depth . Al l 
s i t e s  r e c e i ve d - 2 0  kg P h a -
l a s  c o n c e n t r a t e d  s u p e r 
phosphate appl i ed with the dril l  and del i vered with the 
seed . A 1 2 . 5  kg ha-l seeding rate was used at a l l  s ites . 
Plots were harvested with a sma l l  p l ot combine . The 
t�st we ight was determined by we igh i ng 4 7 3 cm3 o f  seed 
for each p l ot . Plant samples were col l ected from 1 m of 
row for determining yield components .  E ffective t i l l ers 
in a randomly selected 1 -m row - segment were counted · at 
maturity . Kernel s  from the 1-m sect ion were weighed and 
counted . To determine kernels til ler- 1 , the total number 
of kernel s  were d i vi ded by the number o f  t i l l ers . The 
1 0 0 0-kernel weight was calculated ·by d iv iding the kerne l 
-we i ght by the kern e l  number and mu l t ip l y i n-g 
·
by 1 0 0 0 . 
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Pl ant devel opment determinat i�ns were taken at· h�ading· 
stage u s ing the Haun scal e�-(H�un , 1 9 7 3 ) .  Th� Haun sca l e  
i s  m o r e  prec i s e  than the Feeks s ca l e . Prot e i n  and o i l  
10 
content o f  the oat groat were determ i ned by gr ind i n g  
approx imately 5 g o f  oat groat with a Udy mi l l  into flour 
and analy z ing with a mod i fied Technicon I nfranalyzer 3 0 0 . 
Crown rus t  was recorded two weeks a fter head ing ( Feekes 
stage 1 0 . 3 )  from each p l ot us ing the Cobb sca l e . Pl ant 
he ight wa s rec orded two weeks be fore mat u r i ty as the 
di stance from the s o i l  to the top of the pan i c l e. The 
Belgium index was used for rating l odging. This index is 
calcul ated by multiplying the area l odged ( 1-9 )  by the 
i nten s i t y  of l odg i ng ( 1 - 5 )  by a constant ( 0 . 2 ) . Th e . 
f in a l  va l u e  ranges from 0 . 2  ( no l odg i n g ) t o  9 . 0  ( p l ot 
comp l etely flat ) . 
Re l at ive wate r  content , s o lute potent i a l , s ol ute 
potent i a l  corrected for ful l turgor , water potential , and 
stomatal conductance measurements were obtai ned at three 
stages o f  growth ( boot ( Feekes stage 1 0 ) , heading , and 
gra i n  f i l l ing ( Feekes stage 1 1 . 1 ) bet�een 1 0  A . M . and 3 
P . M  . .  Al l mea surements were taken·o n  the f l ag l e�f . 
The mea s u rements were taken at four s it e s  ( 8 6H , . 8 6 L ,  
8 7 H , and 8 6L ) . Water potential was measured only on the 
cu l t iv a r s  Moore and Ogl e , rel a t ive wa t e r  c o�tent and 
osmot i c  potential , osmotic potential at ful l turgor ,  and 
stomatal conductance were. determ ined on · · a l l  cu l t iva rs . 
Re l at iv e  water c ontent was determined by remov i ng the 
flag l ea f  b l ade f rom 5 p lants in each p l ot , �l a c ing the 
1 1  
leaves i n  a n  alumini z ed pouch , and immedi ately measur ing 
the fresh we ight at the edge o f  the f ie l d . The l eaves 
were then pl aced into a humid i fied bag and equ i l ibrated 
in the dark for 4 hours at a temperature of 5 °C .  The 
leaves were then bl otted dry , re�eighed to determine the 
turgid weight , dried at 7 0 °C for 4 8  hours , and weighed to 
d e t e rm i n e d ry w e i gh t . Re l a t i v e  w a t e r  c o n t e n t  w a s  
calcul ated b y  d ivid ing the cal culated water content at 
sampl ing ( fresh weight - dry weight ) by the water content 
o f  t u r g i d  l e a v e s  ( t u r g i d  we i gh t  - d ry w e i gh t ) a n d  
multiplying by 1 0 0  ( S l avik , 19 7 4 ) . 
Solute potential measurements were made on the same 
l eaves used in the rel at ive water content mea surement . 
Before the fresh weight was taken , a 5 em segment o f  each 
l ea f  was cut from the base of the l ea f  blade , placed in a 
secti on o f  tygon tub ing , and sea l ed with stoppers . The 
s amp l e  wa s immed i a t e l y  fro z en in dr� i c e  { - 2 9 ° C )  and 
stored i n  a f reezer at �s0c unt i l  pro�e s s i ng . Osmot ic 
potent i a l  was measured on sap expressed by p l acing the 
samp l e  in a bench v i s e  to express · the c e l l u l a r  sap on a 
fi lter paper disc ( 6  mm diameter ) . The psychrometer was 
c a l i b r a t e d  w i th s t a nd a rd s od i um ch l o r i d e sol u t i o n s·· 
( Turne r , 1 9 8 1 ) . The s�turated f i l te r  pap�r d i s c  was 
p l aced in the center o f  the samp l e  holder o f  Model C- 5 2  
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Wescor sample chamber connected to a Wescor HR - 3 3T Dew 
Point - M i crovo l tmeter using the techn i que des cribed by 
Tu r n e r  ( 1 9 8 1 ) . S o l ut e  potent i a l  at· fu l l  turg o r  was 
cal cu l ated by mul t iplying the rel at ive water content by 
the osmot i c  potent i a l  and dividing by 1 0 0 . Lea f water 
potent i a l  was measured with a pres sure chamber ( S l av i k ,  
1 9 7 4 ) . A flag l ea f  was selected randomly from each plot . 
The lea f ·was i nserted into an alumini zed myl a r  sheath (5  
by 1 5  em . )  for 1 0  seconds be fore excis ion . This a l l owed 
the l ea f  to reach equil ibrium and . to minimi z e  water loss 
as suggested by Turner ,  { 19 8 1 ) . To prep�re the l ea f  for 
the pres sure chamber , a fresh cut was made at the base of 
the l ea f . The l ea f  wa s inserted into a rubbe r  wa sher 
and then p l a ced in the chamber with the fresh l y  cut end 
v i s ibl e . The chamber was sealed and pressure ·was appl ied 
at a r a t e  o f  1 b a r  ev e ry 5 s e co n d s . Whe n  ce l l  sa p 
appeared at the cut surface , the control valve was turned 
o f f  and the pressure indicated on the gauge was recorded . 
Stomatal conductance measurements were ·taken on the . flag 
lea f  with a steady state porometer ( Li-Cor 1 6 0 0 ) . Three 
. .  
measurements were taken per plot and averaged, result ing 
in 1 8  measurements per treatment . 
Pl ant Cl - content measurements were taken during two 
stages ( boot and heading)_ at four l ocati on� ( 8 6H ,  8 6 L ,  
8 7 H , and 8 7 B ) . .. A samp l e  con s i sted o f  1 0  t o  1 5  who l e  
1 3  
p l a n t s  ( a b ov e  g r o u n d ) f r om e a c h  · p l o t . P l a n t  Cl-
concentrat i on was measured by shaking 0 . 5  g dried ground 
pl ant mater i a l  in 5 0  ml o f  . 1M HN03 for 1 5  minute s  on a 
rec iprocat ing shaker ( LaCro ix et al . ,  1 9 7 0 ) . Ch l o r ide 
was titrated directly with . 0 2 8 2  M AgNo3 using a Brinkman 
digital burette ( Brinkman Instr . , Westbury , NY). The end 
p o i n t w a s d e t e c t e d  �i t h  a n  O r i o n  9 6 - 1 7 b ( Ar i o n , 
Cambridge , MA )  . .  combination chl oride el ectrode and Fisher 
acid extraction method . 
Plant potassium ( K) concentration was determined for 
s a mp l e s · t a k e n  at h e a d i ng at s i t e s  8 6 H a n d 8 6 L b y  
. extracting 0 . 2 0 g o f  dried ground plant material with 20 
m l  o f  0 . 3 5 M a c e t i c  a c i d . F l a m e  e m i s s i o n  
s p e c t r o p h o t o m e t ry w a s  u s e d t o  d e t e r mi-n e  t h e  K 
concentrat i on in the extract . 
. ,. tON M. BRIGGS USRARY 
South Oakotl!l State Uni rs'\ty 
Brookings, SO 57007�1098 
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RESULTS AND DISCUSSION: 
The s ite overa l l  i nteract i ons for gra i n  y i e l d  we re 
not s ign i ficant ( P  > 0 . 1 0 ) . The Cl effect on grain yi eld 
ave raged over a ll s ites wa s s igni f icant ( P  < 0 . 0 5) .  The 
3 2  kg Cl  ha- l and 64 kg Cl ha- 1 treatments resulted in a 
3 %  increase in gra in y ield compared to the control (Table 
3 ) . The Cl by cult ivar interact ion was s ign i f icant at 
the 0 . 1 1 probality l evel suggest ing that some cult ivars 
tended to respond to ch l oride more cons i stent l y  than 
others . Lancer and Froker gra in yield response to 3 2 kg 
Cl h a- 1 ave raged a cross a ll s ites wa s. - 0 . 0 1 Mg h a- 1 , 
while Benson , Moore , and Ogl e  averaged 0 . 0 1 Mg ha- l in 
response . 
E v e n  t h o u g h  t h e  s i t e  i n t e r a c t i o n s  w e r e  n o t  
s i gn i f i c a n t , i nd iv i d u a l  a n a l y s i s  o f  s p eci f i c  s i t e s  
suggest a g re a t e r  e f fect o f  C l  at s ome l ocat i ons and 
years than at others . The gra in yield response o f  oat 
cult iv a r s  to Cl wa s s ig n i f i cant at ·b o t h  of the 1�8 6 
s ites . The grain yield responses to 3 2  and 6 4  kg · Cl - ha- l 
were similar at the 8 6  sites . 
A cult iv a r  b y  C l  interact i on bccu r r e d  a� the 8 78 
s ite . At th i s  s ite , Ogl e  was _ the ori-ly cult iv a r  that 
s ign i fi cantly responded to. Cl.  Ogle ha_d ·a 0 . 3 5 Mg ha- l 
gra i n  y i e ld r e s p on s e  to 3 2  kg Cl ha - l . The s e  stud ies 
indicate that 6 0  kg ha-l of soil plus ferti l i z e r  Cl (0 to 
Table 3. Effect of Cl addition on grain yield of five oat 

















































Cl LSD(0.05) 0.08 
CUlt. X Cl LSD(0.05) NS 
Significance 2! z 
CUlt. ** 
Cl ** 





















































































































*•** - Indicates significance at the 0.05 and 0.01 probability, 
respectively. NS • probability is greater than·o.Jo. 
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6 0  em) was suf ficient to maximize grain yield . 
The e ffect o f  the addition o f  Cl on test we ight and. 
yield compdnents ( t il lers meter- 1 , kernels til ler- 1 , and 
1 0 0 0  kernel we ight ) were evaluated to determine whethe r  
grain yield response of oat cult iyars could be expla ined 
b y  c h a n g e s  i n  t h e s e  c om p o n e nt s . T e s t  w e i g h t  wa s 
s ignificantly (P < 0 . 1 0 )  increased by the addition of C l  
at 8 7H and there was a cul t ivar by C l  interact i on at 
8 7 L  {Tabl e  4 ) . Test we ight increased 8 kg m- 3 when 3 2  kg 
Cl ha- l was app l ied at 8 7H .  At s ite 8 7 L  Froker wa s the 
only cu l tivar that responded to Cl add it i on . S ince the 
two s it e s  where tl e f fected test we ight we re s ites in 
whi c h  t h e r e  wa s n o  g r a i n  y i e l d  r e s p o n s � ,  i t  w a s  
concluded that C l  induced changes in test we ight were not 
related to Cl e ffects on grain yield . 
Ch l o r i d e  add i t i o n d i d n o t  s i g n i f i c a n t l y  a f f e c t  
t i l l er s  meter- 1 ( range 4 1  to 1 0 0 )  o r  kerne l s  t i l l e r- 1 
( range 2 2  to 4 8 ) . A s igni ficant ( P  < 0 . 1 0 )  increase in 
1 0 0 0  kernel we ight due .to Cl addit i on was found ·at both 
o f  t h e  1 9 8 6  s i t e s  ( Ta b l e  5 ) . H oweve r , .  t h e r e  wa s n o  
·d i f ference between the 3 2  and 6 4  k g  C l  ha -
1 ··�ate s .  A 
s ign i f i c a nt i n c rea s e  i n  gra i� y i e l d  a nd 1 0 0 0 · k e rne l · 
we ight due to C l  add ition occurred at b oth o f  the 1 9 8 6  
sites . At least part of the grain yield response ma y be 
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Tabl e 4 .  Effect of Cl addition on test we ight of five 
oat cult ivars at five sites . 








kg ha- l 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4 . 
0 
3 2  
6 4  
0 
3 2  
6 4  
8 6H 
3 3 3  
3 4 3  
3 3 7  
3 2 3  
3 2 4  
3 2 6  
3 7 9  
3 78 
3 8 4  
3 4 6  
3 4 8  
3 4 8  
3 0 6 
3 02 
3 02 
3 3 7  
3 3 9_ 
3 3 9  
C l  LSD ( 0 . 0 5 )  NS 
CUlt . X Cl LSD ( 0  • . 0 5 )  NS 
S ign i ficance o f  � 
Cult . * *  
Cl NS 
CUl t . x Cl NS 
86L 
4 0 1  
3 9 5' 
4 13 
3 8 0  
3 9 7  
3 8 4  
4 3 3  
4 2 0  
4 2 0  
3 9 6  
4 17 
3 9 0  
3 5 0  
3 5 1  
3 52 
3 9 2  
3 9 6  
3 9 2  
Ns· 
NS 
* *  
NS 
0 . 2 2 
S ite 
8 7H 
2 6 3  
2 6 5 
2 7 5  
2 7 5  
2 8 0  
2 8 1  
2 8 5  
2 9 3  
2 8 0  
2 9 4  
2 9 7  
3 02 
3 0 1 
3 2 5  
3 2 3  
2 8 4  
2 9 2 · 
2 9 2  
9 
·NS 
* *  
0 . 0 8 
NS - . 
8 7 L  
3 57 
3 68 
3 6 0 
3 4 1  
3 4 6  
3 7 3  
3 6 5 
3 4 7  
3 5 9 
3 7 0  
3 6 5 
3 68 
35 2 
3 5 9 
3 5 0  
3 5 7 
3 57 
3 6 2 
NS 
2 0  
* · 
0 . 17 
0 . 09 
8 7 B  
3 37 
3 2 4  
3 4 2  
3 1 6 
3 3 0  
3 2 8  
3 2 0  
3 2 6  
3 2 8 . 
3 3 2  
3 3 8  
3 4 4  
3 2 9  
3 3 5  
3 3 5  
3 2 7  
3 3 1  
3 3 5  
0 . 2 5 
0 . 2 4 
NS 
--------------------------------------------------------* , * * = Indicates sign i ficance at the o. o5'· �nd 0 . 0 1 
probab i l i ty, respectively . NS = probability i s  greater 
than 0 . 3 0 .  
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Table 5. Influence of Cl addition on 1000 kernel weight of five oat cultivars at 
two sites. 
---------------------------------------------------------------------------------
Cultivar Sign. of F 
Site Cl Bensen Froker Lancer Moore Ogle Ave Cl Cult x Cl LSD(0.05) 
---------- -----------------------------------------------------------------------
kg ha-1 --------------- II -----------------
86H 0 22.9 19.3 18.6 16.8 19.4 19.4 ** NS 0.9 
32 23.3 19.8 20.2 19.7 20.5 20.7 
64 23.3. 19.9 20.1 19.5 20.8 20.7. 
86L 0 23.8 18.8 22.1 22.1 21.7 21.7 ** NS 0.5 
32 24.4 20.7 22.6 22.9 22.4 22.6 
64 25.2 20.2 23.3 21.5 22.5 22.5 
----- - --------------------------------------------------------------------�-----
*,** = Significant·at 0.05, 0.01 level, respectively. 
NS = Not significant. 
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explained by the increase in 1000 kernel weight . The Cl 
plots appeared to be greener later in the season than the 
control p l ot s . Thi s  suggests a poss ib l e  l engthening of
. 
the grain fil l per i od which could result in an increa se 
in 1000 kernel we ight . 
Crown rust readings were taken at four sites ( Tabl e  
6 ) . Moderate l eve l s  of crown rust wa s observed in 1986 
and 1 9 8 7 . Chl oride addition had a significant ( P  < 0.10) 
effect on crown rust infection only at 8 7 L .  A 2 . 7  percent 
increase in crown rust . was observed at the higher rate of 
C l  add i t i o n  ( 6 4 kg Cl ha - 1 ) .  This l ev e l  of infect i on 
s h o u l d  n o t  g r e a t l y  a ffe c t  g r a in y i e l d . S in c e  t h i s  
occurred on a s ite which did respond to chl oride in terms 
of grain yield ,  the effect of Cl on crown rust infection 
does not appear to be related to grain yield . 
The l odging index was determined dur i ng gra in f i l l  
a t  f i v e  l o c a t i on s . N o  e f f e c t  o f · C l  o n  l od g in g  wa s 
obs e rved i n  1 9 8 7 . At 8 7 B  a severe wi nd storm cau�ed 
sub stant i a l  l odging of the ent i re s ite a fter heading , 
thus masking any poss ible treatment affect . The effects 
of Cl add i t ion on l odging in 1 9 8 6  depended on l ocation 
( Tabl e  7 ) . Chl or i de add i t ion � ignifi cantly reduced 
l odging at 8 6H whi l e  a sign�ticant inc�eas e  in l odging 
was observed at 8 6L .  The . effects o f  C l  o n  l odging found 
in this study would not l ikely have an effect on g ra i n  
Table 6 .  Effect o f  KCl addition on crown rust of 
five oat cultivars at four sites . 
· 
Site 
Cultivar 'cl 86H 86L 8 7L 87B 








3 2  
64 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
- 3 2  
6 4  
0 
3 2  
6 4  
C l  LSD ( 0 . 0 5 )  
Significance of F 
CUlt . 
Cl 
Cult . X Cl 
1 3 . 3  
9 . 7  
17. 5 
2 7 . 5 
2 5 . 5  
2 4 . 2  
3 1 . 3  
3 2 . 2  
2 7 . 5 
1 2 . 5  
14. 2 
14 . 5  
2 3 . 8  
2 9 . 2  
2 7 . 5 
2 1 . 7  
2 2 . 2  
2 � . 2 
NS 
* *  
NS 
NS 
6 . 8  
8 . 5 
6 . 0  
2 1 . 3  
2 3 . 0  
18. 8 
2 0 . 0  
19 . 2  
1 6 . 2  
1 0 . 2  
12 . 7  
1 3 . 7  
2 1 . 5  
2 3 . 3  
2 1 . 6  
1 6 . 0  
17. 3 
15 . 3  
NS 
* *  
N S  
NS 
6 . 5  
7. 2 
6 . 5  
11. 5 
16 . 2  
2 0 . 0  
15 . 0  
15 . 0  
17. 5 
· 4 . 0  
3 . 5  
6 . 3  
1 6 . 7  
2 0 . 8  
1 6 . 7  
1 0 . 7  
1 2 . 5  
1 3 . 4  
2. 5 
* * 
0 . 10 
NS 
1 0 . 0  
8 . 3 
8 . 3 
12 . 5  
15 . 5  
7 . 2 
2·0 .  0 
2 2 . 0  
2 5 . 8  
8 . 7 
8 . 0 
1 1 . 3  
'2 3 . 0  
2 3 . 0  
' 2 1 . 7  
14 . 8  
15 . 4  
14 . 9  
NS 
* *  
N S  
0 . 2 1 
-------------------------------------------�---------
· * , * *  = I ndicates s ignificance at th� 0 . 05 and, .0 . 0 1 
probabi l ity ,  respectively . N S  = probabil ity i s  
greater than 0 . 3 0 .  
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Tabl e 7. Infl uence of Cl addition on l odging of five oat cul tivars at three 
sites. 
Cul tivar Sign. of F 
�1 















------------- Bel gium Index/1 
3.0 0.5 0.2 3.5 
2.0 0.4 0.2 2.3 















































/1 Bel gium index: 0.2 = no l odging, 9.0 = pl ot 100% lodged. 
*,** = Significant at 0.05, 0.01 level, respectivel y. 
NS = Not significant. 
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y ie l d  ( p e r s o n a l  c ommu n ic a t io n , D r  D a l e  R e e v e s ) .  A 
fol l owing chapt e r  wil l addre s s  t h e  e ffe c t s of C l  on 
lodging at different rates of nitrogen . 
Pl ant height was mea sured during grain fi l l  in 19 8 6  
( Tab l e  8 )  . Ch l oride addition sign ificant ly ( P  < 0 . 0 1 )  
reduced p l a n t  h e ight 2 em a t  8 6H .  Th i s  reduction in 
p l a nt h e ight d id n o t  l ik e l y  imp a c t  g ra i n  y ie l d . A 
s ignificant difference in the stage of devel opment wa s 
observed in both years at the Hamlin county s ite ( Tabl e 
9 ) . The Cl  t re ated p l ots were at a more advanced stage 
of devel opment than the checks . S ite 8 6H was the only 
site where Cl  addition increased both devel opment , 1 0 0 0  
kernel weight , a nd grain yield . The groat p rotein and 
o i l  c o n t e n t . w e r e  n o t  a f f e c t e d  b y  t h e  a d d it i o n s  o f  
chl oride ( data not shown ) . 
Re l a t ive water content wa s not s ign i f i c a nt l y  ( P  < 
0 . 1 0 )  a ffe c t e d  by addition of C l  but re l at i v e  wa t e r  
content tended to increase with the addition o f  Cl  · ( Data 
not shown ) . The o smotic potent i a l  adj u st ed fo r ftil l 
turgor was s ignificantly ( P  < 0 . 10 )  l ower than the check 
at 8 6 L  and 8 7H during the boot stage and at B1H and 8 7 B  
during grain fil l  ( Tables 1 0  and 1 1 ) . The 6 4  kg,Cl .ha-1 
rate wa s r e qu ir e d  t o  get
-
� � i gn ificartt reduc t i on in 
s o l ut e  p o t e nt ia l adju s t e d  fo r fu l l  turgor . S im i l a r  
Table 8. Influence of Cl addition on oat plant height of five oat cultivars 
at two sites. 
Cultivar Sign. of F. 







86H 0 113.8 111.7 102.5 120.7 103.7 
32 111.5 110.2 101.0 117.7 99.2 
64 111.7 109.5 100.7 118.2 102;.8 
86L 0 100.2 100.5 91.3 103.5 92.0 
32 101.8 100.0 90.8 101.3 95.2 
64 101.0 100.8 93.2 105.7 94.0 
*,** = Significant at 0.05, 0.01 level, respectively. 







1.1 ** 0.29 
NS 0.22 0.23 
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Tab l e  9 .  Ef fect of Cl addition on development of five 









kg ha- l 
0 
3 2  
6 4  
0 
3 2  
64 
0 
3 2  
6 4  
0 
3 2  
64 
0 
3 2  
6 4  
0 
3 2  
6 4  
C l  LS D  ( 0 .  0 5 )  
S ignificance of F 
Cul t . 
Cl 
Cul t . X Cl 
S ite 
8 6H 8 6 L  8 7H 
----------- Haun Scale 
6 . 4  6 . 3  2 . 4  
6 . 3  6 . 3  2 . 5  
6 . 4  ' 6 . 4  2 . 6  
7. 0 
7 . 1 
7 . 2 
6 . 8  
7 . 0 
7 . 0 
6 . 6  
6 . 8  
6 . 8  
7 . 4 
7 . 5 
7. 5 
6 . 8  
6 . 9  
7 . 0 
0 . 1 
- * *  
0 . 08 
NS 
7 . 1 
7. 1 
6 . 9  
6 . 7  
6 . 6 
6 . 5  
6 . 4  
6 . 3  
6 . 2  
6 . 7  
6 . 8  
6 . 8  
6 . 6 
6 . 6  
6 . 6  
NS 
* *  
0 . 2 3 . 
NS 
2 . 8  
3 . 0  
2 . 9  
2 . 4  
2 . 7  
2 . 7  
2 . 1  
2 . 3  
2 . 3  
2 . 9  
2 .  9 · 
3 . 0  
2 . 5  
2 . 7  
2 . 7  
0 . 1 
* *  
* *  
0 . 19 
8 7B 
2 . 3  
2 .  3 . 
2 . 4  
2 . 7  
2 . 7  
2 . 7  
2 . 3  
2 . 3  
2 . 5  
2 . 0  
2 . 0  
2 . 0  
2 . 9  
2 . 9  
2 . 9  
2 . 4  
2 . 4  
2 . 5  
NS 
* *  
. 0 . 2 7 
0 . 14 
-----------------------------------------------------
* , * *  = I ndicates significance at the 0 . 05 and 0 . 0 1 
probab i l ity , respectively . NS = probabil ity i s  
greater than 0 . 3 0 .  
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Ta b l e  10 . I n fl u e n c e  of C l  on o smot i c  p otent i a l a n d  
osmotic potential a dj usted for ful l  turgor at boot stage . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Cul tivar Cl 
Osmotic Potent ial 
Osmotic Potential at Ful l Turgor 
S ite 
8 6L 87H 8 6L 8 7H 





Ogl e  
Avg . 
Cl LSD ( 0 . 05 )  
S ign . of F 
Cult .  
Cl  
CUl t . X C l  
0 
3 2  
6 4  
0 
3 2  
64 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
1 . 8 4 
1 . 8 7  
1. 9 3  
1 . 8 2 
1. 7 6  
1 .. 8 6  
1 . 9 2  
2 . 0 1 
2 . 2 7 
1 . 8 4  
1 . 8 5 
1 . 9 5 
1 . 8 3 
1 . 8 9 
1 . 8 4  
1 . 8 5  
1 . 8 8  
1 . 9 7  




1 . 11 
1 . 2 5 
1 . 3 2  
1. 2 3  
1. 12 
1. 19 
1. 2 5  
1. 3 7  
1. 3 9  
1. 1·0 
1. 3 3  
1. 2 9  
1. 2 2  
1 . 2 0 
1. 24  
1 . 18 
1. 2 5  
1. 2 9  
0 . 07 
0 . 18 
* 
NS 
1 . 67 
1 . 7 1 
1 . 7 5 
1 . 6 3 
1 . 59 
1 . 66 
1 . 66 
1 . 7 6 
1 . 82 
1 . 6 5 
1 . 69 
1 . 7 7 
1 . 68 
1 . 74 
1 . 69 
1 .- 68 
1 . 7 1 
1 . 7 8 




1 . 0 3  
1 . 14 
1. 2 0  
1. 11 
1 . 0 3  
1. 0 7  
1 . 14 
1 . 2 2  
1 . 2 5  
1 . 0 0 
1 . 2 1  
. 1 . 13 
1 . 0 9  
1 . 08 
1 . 1 1  
1 . 07 
1 . 14 
1 ·. 1 5 
0 . 0 7 
0 . 2 9 
0 . 09 
NS 
- - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - -
* , * *  · = S ignificance i s  less than 0 . 0 1 ,  0 . 05 ,  re�pe¢tively . 
NS = S igni ficance i s  greater than O . J o �  
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Ta b l e  11 . I n f l u e n c e  o f  Cl  o n  o sm o t i c  p o t e n t i a l  a n d 
osmotic potent ial adj usted for ful l  turgor at gra in f i l l . 
Cult ivar Cl 
Osmotic Potent ial 
Osmot ic Potent ial at Ful l  Turgor 
S ite 
8 7H 8 7H 8 7 B  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 







Cl LSD ( 0 . 05 )  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 · 
3 2  
64  
0 
3 2  
64  
0 
3 2  
64  
0 
3 2  
64 
Cul t . X Cl LSD ( 0 . 0 5 )  
S igni ficance of � 
Cul t . 
Cl 
Cul t . X Cl 
1 . 8 5  
1 . 8 5 
2 . 19 
1 . 77 
1 . 8 3 
1 . 8 6 
1 . 8 5 
1 . 8 6 
1 . 77 
1 . 70 
1 . 64 
1 . 79 
1 . 6 8 
1 . 6 6 
1 . 8 3 
1. 7 7  
1 . 77 
1. 8 9  
0 . 1 1 
0 . 19 
* 
0 . 0 6 
0 . 08 
1 . 6 7 
1 . 63 
1 . 9 5  
1 . 5 3 
1 . 5 9  
1 . 62 
. 1 . 64 
1 . 6 3  
1 . 58 
1 . 5 1 
1 . 4 3  
1 . 57 
1 .  4 8 . 
1 . 4 4  
·1 .  6 1  
1 . 57 
1 . 54 
1 . 67 
0 . 09 
0 . 17 
* *  
* 
. 08 
1 . 5 0
. 
1 . 4 1  
1 . 5 0 
1 . 4 3 
1 . 3 7  
1. 4 5  
1 . 5 1 
1. 3 8  
1 . 5 0 
1 . 3 6 
1 . 3 2 
1 . 3 4  
1 . 2 6  
1 . 3 1 
1 . 3 9 
1 . 4 1 
1 . 3 6  
1 . 4 4  




NS ------------------------------�------------------ � --·�-----..;. * , * * = S igni ficance i s  l ess . than 0 . 0 1 ,  0 � 0 5 ,  respectively . 
NS = S igni ficance is greater - than 0 . 3 0 .  · 
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r e su l t s  w e r e  f ound f o r  uncorrected s o l u t e  p otent i a l  
( Tables 1 0  and 1 1 ) . The relationship between decreases in 
osmotic potential or osmotic potential adj usted for ful l  
turgor and increases in grain yield i s  inconclus ive s ince 
a decrease in osmotic potential did not always result in 
an i n c re a s e  in gra i n  y i e l d . I t  app e a r s  that C l  can 
affect osmotic potential and osmotic potential adj usted · 
f o r  fu l l  turgor . Howeve r ,  the d e c r e a s e  in o smot i c  
potential and osmotic potential adj usted for ful l  turgor 
general ly did not result in an increase in gra in yield . 
Le a f  w a t e r  . p ot e nt i a l  wa s taken o n . two c u l t iva r s  
( M o o r e  a n d O g l e ) . C h l o r i d e a d d i t i o n d i d n o t  
s ign i f i cant l y  ( P  < 0 . 1 0 )  a f fect l e a f  wa t e r  potent i a l  
(data not shown ) . However , leaf water potent ial general ly 
decreased with the addition o f  Cl . Stomatal conductance 
was not s ign i f i cantly a f fected by the add i t i ons o f  Cl , 
but the cul t ivars Moore and Ogl e  tended to show greater 
stomatal conductance response from Cl  addit i on ( data not 
shown ) . 
The addition of Cl s igni ficantly a ffected the plant 
Cl - concentrat i ons at the 0 . 0 1 probab i l ity l eve � at a l l  
sites and growth stages . The l inear regress ion equat ion 
re l at ing s o i l  C l  . ( 0 - 6 0  em ) . plfi� fert i l i z e r  Cl to p l ant 
Cl - concentra t i on samp l ed : at heading had a �orrelat i on 
coef ficient of 0 . 8 6 ( figure 1 ) . When plant.s were sampled 
29  
at boot a correlation coef ficient of 0 . 8 8 was obta ined 
( f igure 2 ) . Y ield responses -occurred in 1 9 8 6  when the 
check plant 01 concentrations were less than 1 . 5  g kg- 1 . 
The rel at ionship o f  pl ant C l - c oncentrat i on t o  y i e l d 
response i s  not as easily interpreted for the 19 8 7  data . 
No tissue s�mples were analyzed at the 87L s ite and even 
though pl ant Cl - concentrat ions were rel at ively l ow on 
the check plots at the 8 7H s ite there was very l ittle or 
no ef fect on grain yield . The 8 7 B  chl oride t issue l evel 
wa s 4 . 8  g kg - 1  f o r  Og l e  wh i ch wa s the o n l y  y i e l d  
re spons ive c u l t ivar at thi s s i te . More s tud i e s  a re 
needed to veri fy the critical plant Cl- concentration for 
oat � It appears a plant Cl - concentrat ion test may be 
u s e d a s  a t o o l  f o r  e s t im a t i ng s o i l  C l  l ev� l s  a n d  
determining possible responsive s ituations in oat . 
Pl ant K+ concentration was mea sured at head i ng on 
y i e l d  r e s p o n s iv e  s i t e s  ( T a b l e  1 2 ) . T h e r e w a s  n o  
signi f icant d i fference between the KCl treated plots · and 
the checks . Thus , the yield increase was very l ikely Cl 
related not .K+ related • .  
0 � 
N 
Q) . s.. ::::s 0') .,.. 
1..1... 
,-..... 
EFFE CT O F  S O IL C l  LEVE L O N  PLANT Cl  
B O OT STA.GE · 
1 5  -a- 86H 
Y = - O o 304 + 0 . 1 4 1 18 ( x )  
r = 0 . 88 · 
rm 
--*- 86L 
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Tab l e  1 2 . E f fect o f  KCl add ition on p l ant K c�ncentrat ion at 
heading stage of f ive oat cul t ivars at two s ites . 
Cult ivar S ign .  of F · 
S ite KCl · ,  Benson Froker Lancer Moore Ogl e  c1· Cult x Cl 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­
kg ha
- 1 - - - --- -- ----- g kg
- l ·' ------------ ---
8 6H 0 3 0 . 5  3 0 . 8  2 8 . 4  3 4 . 0  2 8 . 4  NS NS 
8 6L 
6 7  2 9 . 6  ' 2 9 . 2  2 7 . 3  3 2 . 5  2 8 . 6  
1 3 5 3 0 . 5  ' 2 8 . 8  2 8 . 1  3 3 . 6  3 0 . 1 
0 
6 7  
1 3 5  
2 0 . 0  
2 1 . 5 
2 2 . 1  
2 1 . 5  
2 2 . 0  
2 1 . 4  
1 9 . 4  
1 9 . 9  
2 0 . 3  
2 0 . 7  
2 1 . 0 
2 1 . 2  
2 0 . 7  · NS 
19 . 1  
2 0 . 6  
* , * *  = S igni f icant at 0 . 0 5 ,  0 . 0 1 level , respect ive ly . 
NS = S ign i fi cance i s  greater than 0 . 3 0 .  
NS 
3 2 ' 
SUMMARY : 
The resu l ts o f  the f i el d  study conducted at 5 s ites 
over a 2 year period indicated Cl addition s igni ficantly 
increased oat grain yields at a l l  l ocations in 19 8 6 . Only 
. 
the cul t ivar Ogl e  responded to chloride a t  one s ite in 
1 9 8 7 . When data was poo l ed over 1 9 8 6  and 1 9 8 7  there was 
no s i t e  i nt e ra c t i o n s  a n d  the ove·r a l l . C l  e f f e c t wa s 
s i g n i f i c a n t . T h i s  i n d i c a t e d t h a t  i n  s om e  c a s e s  C l  
add i t i on c a n  b e  expected t o  cause a y i e ld i ncrease i n  
oat . The results for spec i f i c  s ites i n d i cate that the 
response was more pronounced· . ·
·
in 1 9 8 6  than in 1 9 8 7 . The 
add i t i o n  o f  3 2  kg Cl ha - l wa s suf f i c i en t  i n  obt a i n i ng 
near max imum oat gra in y ields . Dur i ng 1 9 8 6  the average 
response to 3 2  kg Cl ha- l was 1 2 0  kg ha - l o f  oat . The 
price threshold o f  oat wou l d  be $ 0 . 2 4 kg- 1 i f  the price 
of Cl  was $ 0 . 3 7 kg- 1 . The 2 s ites i n  wh i ch s i9n i f icant 
y i e l d  r e s p o n s e s  t o  C l  a d d i t i o n  o c c u r r e d , a l s o h a d  
s ign i ficant increases i n  1 0 0 0  kernel we i ght . Thus , it 
appears that part of the increase in gra i n  y i e l d  i s  du� 
to an increase in 1 0 0 0  kernel weight . Chl oride addition 
d i d  not i n c r e a s e  t i l l e rs mete r- 1 o r  s e ed s  t i l l e r - 1 . 
Although there were s ign i f icant oat gr� in y i e l d  r�sponses 
to Cl add it i on at s om e  s i t e s , th�y wer� genera l l y t o o  
sma l l  to be p ro fi tabl e  for th� jear o f  appl ication under 
current economic con.di t i ons . . 
3 3 . 
Moderate l evel s  of crown rust infection was observed 
in 198 6 and 1 9 8 7 . Crown rust infection was not a f fected 
by the addit ion of Cl . Thus , the gra in y i e l d  response 
c a n  n o t  b e  a t t r i b u t e d  to a d e c r e a s e  i n  c r o w n  ru s t  
infection . 
Addition o f  KCl significantly increased the p lant Cl ­
c o n c e n t r a t i o n  b u t  h a d  n o  e f f e c t  o n  t h e  p l a n t  K +  
concentrat ion . Therefor� , the gra in y ie l d  re sponse wa s 
l ikely due to Cl . The soil + fert i l i z er C l  concentration 
i n  t h e  t o p  6 0  em o f  - t.h e  s o i l  p r o f i l e  w a s  h i g h l y  
corre l ated ( 0 . 8 6 )  with the p l ant C l - concentra t i on a t  
heading stage . Soil plus fert i l i z er C.l l eve l s  greater 
than 60 kg Cl ha- l ( 0 - 6 0 cm ) were su f f i c i e nt f o r  n e a r  
maximum yields at respons ive s ites . 
Ch l o r i d e  a dd i t i o n  d i d n o t  s i gn i f i c a n t l y  a f f e c t  
relative water content , lea f  water potential . o r  stomata l 
conductance in oat . However , Cl additions s ign i f i cant ly 
decreased solute potential and solute potent i a l  adj usted 
for ful l turgor dur ing boot stage andjor gra in f i �l at 
three s ites . Data il lustrating the rel at ionship between 
the decrea se in osmot ic potent ial or osmot i c  potent i a l  
adj usted for ful l turgor and a n  increas e  in gr� i n  y i e l d  
was incon c l us ive . S ites in wh� 6h osmot ic poten� i a�. o r  
osmotic potent ial adj usted · fo� ful l  turgor were a f fected 
by Cl did not always result in increases in gra in yield . 
S econd l y , the l evel o f  C l  addit ion n e eded t o  decrease 
osmotic potential or osmotic potential adj usted for ful l  
turgor was 6 4  kg ha- l whi l e  only 3 2  kg ha- i were needed 
for a sign i ficant increase in grain yield . The e ffect of 
chl oride on p lant senescence needs further confirmation . 
An i n c re a s e  i n  g r a i n  f i l l  p e r i o d · c o u l d  e x p l a i n the 
changes in 1 0 0 0  kernel we ight and gra in y i e l d . Further 
research should examine possible rel ationships between Cl 
addition and gra in fill duration . 
3 5 . 
III . Effect o f  Ni trogen and Chloride on Yi e l d  and Lodging 
in Oat 
INTRODUCTION: 
Lo s s e s  f rom l odg i n g  c a n  b e  a s  much a s  3 0 % o f  the 
total gra i n  yield in sma l l  gra ins ( Pi nthus , 1 9 7 3 ) . The 
effects of l odging are especial ly preval ent in h igh yield 
environments where water and nutrients are non-l imiting . 
High rates of n itrogen ( N )  fert i l i z at ion predi spose sma l l  
gra i n  t o  l odg i ng �  There i s  a p o s i t ive r e l at i on s h i p  
between N fert i l i z at i on a n d  l odg i ng i n  o a t  ( Br i nkman , 
1 9 8 5 ; P i nt hu s , 1 9 7 3 ; Ohm , 1 9 7 6 ; Mu l d e r , 1 9 5 4 ) . T h e  
e f f e c t s  o f  h i gh r a t e s  o f  N a p p a re n t l y  c a n  n o t  b e  
attributed enti rely t o  N e ffects on plant height . High N 
level s inc reas e  l odging in semi -dwarf cul tivars a s  we l l  
a s  i n  t a l l  cu l t iva r s , however ,  the l od g i ng . i s  l e s s  
severe ( Pinthus , 1 9 7 3 ) . 
T h e  u p t a ke o f  N du r i ng s t em e l o n g a t i o n· i s  mo s t  
critical in rel ationship t o  lodging . A high ava i l ab i l ity 
of N during this stage wil l  promote basal culm internode 
el ongation and therefore lodging ( Pinthus 1 9 7 3 ) . Nitrogen 
e f fects the b a s a l  cul m  i nternod e s  by inc re a s ing · the i r  
l ength ( Mulder , 1 9 54 ) . 
C h l o r id e  i o n s  i n  t h e  s o i l  s o l u t i o n m a y  · r e d u c e  
n itrogen uptake by the plant thrqugh Cl competit i9n �ith 
nit rate io ns . The . uptak� o f  N i s  re l a t�d to the s o i l  
3 6  
chl oride ( Cl )  l eve l . Murarka e t  al . ( 19 7 3 )  s tud ied the 
effects of rates of N ,  potassium ( K ) , and Cl fert i l i z ers 
and the N by K by Cl interaction on the tota l N ,  No3 - , 
and prot e i n  i n  potato ( S o l anum tub e ro sum L . ) p l a nt s . 
They concluded that C l- competes with N0 3 - uptake and 
accumulat ion but that Cl- does not a ffect the convers ion 
of N to protein . Cram { 19 7 3 )  and Smith ( 19 7 3 )  found that 
N o 3 - a c c umu l a t i o n wa s reduced by p r i o r  N 0 3 - o r  C l -
accumul at i on . The system behaved a s  a C l - homeo stat 
under a system where n itrates were unava i l ab l e . G l a s s  
and S iddiqi ( 19 8 5 )  found .that Cl- flux was · not determined 
solely by an internal feedback s ignal ( vacuo l a r  N0-3 and 
Cl - concent rat io n )  but by the intera ct i on b e tween t h e  
e x t e r n a l i nh i b i t i on o f  C l - i n f l u x  b y  e xt e rn a l  No 3
-
c o n c e nt r a t i o n a nd i nt e r n a l v a cu o l a r C l - a n d N 0 3 -
concentration . 
Chl oride may a l so a f fect the nitr i f ication process i n  
the s o i l . Chr i stensen and Brett 1 9 8 5 )  s h ow e d  that C l  
slowed the disappearance o f  NH4 -N and appearance of N0 3 - N  
in the soil by inhibiting nitri ficat ion � 
T imm e t  a l . ( 1 9 8 6 )  o b s e rved t h a t  N 0 3 - N  l ev e l s i n  
barl ey ( Ho rd eum vu lgare L . ) culms we re l o��red b� t h e  
add iti on o f  KCl . Reduct ion in shoot N0 3 � c o nc entration 
o f  spring wheat ( Trit icum aest i�um L . ) by · - C l ' additi o ns 
was a l s o  repo rted by F i x e n  e t  a l . ( 1 9 8 7 a )  ·a nd F i x e n  
3 7  . 
( 19 8 7b ) . These reduct ions were l ikel y  e ither caused by 
direct ion competition or Cl inhibition of nitrification 
( Christensen and Brett , 1 9 8 5  and Golden et a l . ,  1 9 7 9 ) . 
The obj ect ives o f  thi s  study were t o : ( a )  exami ne 
the e f fect o f  l eve l s  o f  N and KCl on oat l od g i ng and 
plant height , ( b )  evaluate the effect of vary i ng rates of 
appl ied N and C l- on oat (Avena sativa L . ) yield , yield 
c omp o n e n t s , g r o a t  p r o t e i n  a n d  o i l , a n d  c r o w n  r u s t  
( Pucc i n i a  coronata ) ,  and ( c )  evaluate the rel at i onship 
between nitrate and chl oride uptake in oat . 
. ' 
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MATERIALS AND METHODS : 
oat response to N and Cl was evaluated at 5 s ites in 
eastern S outh Dakota during 19 8 6  and 19 8 7 . Soils at the 
s i t e s  w e r e  P a c h i c  U d i c  H a p l o b o r o l l s  a n d U d i c  
Hap lustol l s . S o i l  propert ies and p rev ious crop a re 
reported in Tab l es 1 and 2 .  The pH was measured with a 
glass el ectrode us ing l : l ( wjw) s o i l - to water rat io on a 
st irred samp l e , organic matter by the modi f i ed Wal k l ey 
B l a c k  m e t h o d , n i t r a t e  u s i n g a n  O r i o n s p e c i f i c  i o n  
el ectrode , phosphorus by the Bray and Kurtz no . l method 
with l : l O ( wj v ) s o i l  to s o l ut i on r a t i o , p o ta s s i um b y  
e x t r a c t i o n  w i t h . a mm o n i u m  a c e t a t e , a n d  c h l o r i d e . b y  
potentiometric t itration with AgN03 ( Ad r i an o  and Doner 
1 9 8 2 ) . Al l s o i l  analys i s  except C l - determ i nat ion was 
done by the S outh Dakota State univers ity S o i l  Test ing 
Laboratory ( Carson and Gelderman , 1 9 8 0 ) . 
Al l s ites were p l anted between Apr i l  1 5  and May 1. 
The oat cultivar ( Benson) was planted with · a doubl e  d i sk 
drill opener at 1 2 6 kg ha- 1 . Concentrated super phosphate 
was app l ied w i th the s e ed to a l l  p l ot s · a t  2 0  kg . ha -1 . 
Plots were sprayed with Propachlor and Bromoxyni l  + MC PA 
to control weeds . 
Exper imenta l  var i ab l e s  we re two K C l l eve l s  ( 0  a n d  
135 Kg ha- 1 ) in a factorial comb i nation w ith 5 l eve l s  of 
N ( 0 , 3 4 , 6 8 , 1 0 2 , and 1 3 6  ]cg ha-1) app l i ed a s  ·urea . For 
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Tabl e 1. S i te ch a.rac t er i s t i cs ,  1986- 1987. 
Prev i ous  T i l l age 
S i te Count y So i l type and c l ass i f i cat i on  Crop System 
I 
86H Haml i ne  Estel l i ne s i l ,  Pach i c  Udi c Hap l oboro l l wheat ch i se l -di sk 
86L lake Defll)S t e r  si l ,  Udi c · Hapl us tol l soybean dolb l e  di slc 
87H Heml i ne  Este l l i ne s i t ,  Pach i c  Ud i c  Hap l oboro l l fa l l ow pl ow-di sk 
87L lake Defll)S t e r  si l ,  Udi c Hapl ustol l soybean double d i slc 
878 Brook i ngs l i smoure s i t ,  Pach ic Udi c Hap l oborol l corn plow-di sk 
Table 2 .  S ite Characteristics , 1986-1987  
0 to 6 0  em 6 1  to 1 2 0  em 0 to 1 5  em 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Organic 
S ite N03 -N Cl N03 -N Cl p K
. pH Matter 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - kg ha-l - - - - - - - - - - - - - - g kg- 1 
8 6H 55  2 5  7 3  3 5  20 5 9 4  7 . 4  3 8  
8 6L 3 4  2 8  19 38 94 4 4 8  6 . 6  3 5  
87H 1 0 0  10  7 1  12 12 1 7 0 6  7 . 3  2 3 
8 7 L  4 8  3 9  3 2  3 4  2 8  4 7 0  6 . 2  3 0  
87B 57 25 4 1  2 6  17 3 5 6 0  6 . 9  3 5  
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N ( 0 ,  3 4 ,  6 8 , 1 0 2 , and 1 3 6  kg ha-1 ) appl ied as urea . For 
an oat y i e l d  g o a l  of 3 . 5 9 Mg ha - l S outh Dakota State 
University soil testing laboratory recommends 1 4 6 kg ha- l 
soil plus fert i l i z er N03 -N .  The so i l  Cl l evel required 
. .  
f o r  o a t  h a s  n o t  b e e n  d e t e rm i n e d . H o w e v e r ,  t h e  C l  
recommendation f o r  wheat f rom the S outh Dakota State 
Univers i ty s o i l  testing l aboratory i s  fert i l i z e r  Cl= 6 0 -
soi l  Cl ( 0  to 6 0  em) . 
F e rt i l i z e r  wa � bro adca s t  and i n c o rp o r a t e d  w i th a 
f i e l d  c u l t i v a t o r  b e f o r e  s e e d i ng . T r e a tm e n t s  w e r e  
ar ranged i n  a r a n d om i z ed c omp l ete b l o c k  s p l i t -p l o t  
des ign w ith N l evel s  a s  ma i n  p l ots a nd C l  l ev e l s  a s  
sub-p l ots . Sub-p l ot s i z e  was 1 . 2 m by 7 . 6  m w ith 1 5  em 
row spacing and 6 repl ications . When testing across the 5 
s ites in the analysis o f  variance , s ite was tested with 
( repl ication ) s ite , N by s ite x N ,  Cl by s ite x Cl , s ite x 
N by ( repl icati on ) s ite x N ,  s ite x C l  by ( rep l ication ) 
s ite X Cl , N X Cl by s ite X N X Cl , and s it� X N X Cl by 
residual . When testing within a s ite in . the a nalysis o f .  
v a r i a n c e , N w a s  t e s t e d  w i t h rep l i c a t i o n x N ,  C l  b y  
repl ication x C l  , and N x Cl by res idual . 
Plots were harvested with a sma l l  -pl ot comb ine . The 
test we ight wa s determ ined by we igh ing 4 7 3  cm3 of seed 
for each plot . Pl ant samples _ were col lected f rom 1 m · o f  
. . 
row for determining ·yield components . E f fect ive t i l lers 
4 1  
in a randomly sel ected 1 m row segment were counted at 
maturity . Plants from the 1 m section were removed from 
the plot , thrashed , and seed was weighed and counted . To 
determine seeds' t i l l er-1 , the total number of s eeds were 
divided by the number of tillers . The 1 0 0 0 -kernel weight 
was calculated by d ividing the weight �f the seeds by the 
number of seeds and multiplying by 1 0 0 0 . Prote in and oil 
concent rat i ons of the oat groat were d et erm ined by a 
Mod i f i ed Techn i con I nfrana l y z er 3 0 0 . For e a ch p l ot , 
approx imately 5 g o f  groats were ground with a Udy mi l l  
into flour for analys is . 
Crown rust wa s recorded two wee k s  a ft e r  h e a d i ng 
( Feekes stage 1 0. 3) from each plot us ing the Cobb Scale . 
Pl ant he ight was recorded two weeks be fore maturity as 
the d i s t a n c e  f r om the s o i l  l ev e l to the t o p  o f  t h e  
pani c l e . The Belgu im index was used for rating l odging . 
Lodg ing index was calculated by mul t iplying 0 . 2  t imes the 
area l odged ( 1-9 )  and by the intensity of _ l odgi ng ( 1-5 ) .  
The f i n a l range i s  from 0 . 2  ( no l odg i ng )  t o  9. 0 ( p l o t 
comp l etel y  f l at). 
P l ant N03-N samples were col lected at boot ( Feekes 
s t a g e  1 0 ) and h e a d i ng ( F e e k e s  1 0. 3 )  s t a g e s  �t fou r 
l ocat i o n s  ( 8 6H ,  8 6 L ,  8 7 H , and 8 7 B ) . A samp l e  con s isted 
of 10 to 1 5  who l e  pl ants ( above ground ) from each plot . 
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Plant N03 -N concentration was determined by shaking 0 . 5  g 
o f  d r i ed g r o u n d  p l a n t  mate r i a l  i n  5 0  m l  o f  0 . 0 2 5  M 
A l 2 ( s o 4 ) 3 f o r  5 m i n u t e s  o n  a r e c i p r o c a t i ng s h a k e r  
( M i l l ham e t  a l . 1 9 7 0 )  . N i trate -N c o n c e nt r a t i o n  wa s 
. .  
determined w ith an Orion model 9 2 -0 7  ( Or i on , Cambridge , 
MA ) and S argent-We l ch LS X pH meter w i t h  a n  expanded 
scale . Plant Cl- concentration was measured by shaking 
0 . 5  g dri ed ground pl ant material in 5 0  ml o f  . 1M HN0 3 
for 15 minutes on a reciprocating shaker ( LaCro ix et al . 1  
19 7 0 ) . Chl oride was t itrated directly with . 0 2 8 2  M AgN03 
u s i ng a B r i n k m a n  d i g it & !  b u r e t t e  ( B r i nkma n  I n s t r . , 
Westbury , NY ) . The end point was detected with an Orion 
9 6 - 17b { Or i on , Cambridge , MA ) comb inati on C l - e l ectrode 
a n d  F i s h e r  8 2 5  MP m e t e r  ( F i s h e r  S c i e n c e  C o mp a n y , 
Pittsburgh , PA) . 
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RESULTS AND DISCUSSION : 
Lodging and Plant Height : 
There was a s ign i f i cant ( P  < 0 . 0 1 )  s ite by N by Cl  
interaction for l odging . Lodging a fter headi ng occurred 
• ' 
a t  t h r e e  s i t e s  ( 8 6 H , 8 6 L ,  a n d  8 7 B ) . L o d g i n g w a s  
increased by the addition o f  N at a l l  three s ites and in 
most cases Cl addition reduced l odg i ng ( Figure 1 ) . The 
amount of l odging was cons iderably h igher at 8 7 B  at a l l  
l eve l s  o f  N d u e  t o  a s evere w i n d  a n d  r a i n  s t o rm that 
o c cu r r e d  a ft e r  h e a d i ng . T h e  g r e a t e s t  r e du c t i o n  i n  
lodging due to Cl add it ion - occurred at the h igh rate o f  N 
dur ing 1986 a t  both - s ites . 
Plant he ight was signi ficantly ( P  < 0 . 0 1 )  i ncreased 
by N add i t i on at the 2 s i t e s  t e s t ed ( Ta b l e  3 ) . The 
largest i ncrea se in plant he ight occurred when 3 4  kg N 
ha- l 1 '  d was app 1e . Increases in N addition above ·6 8  kg N 
ha - l d id not i ncrease pl ant he ight . 
did not e f fect pl ant height . 
Gra in Y ie l d : 
Chl o r ide a dd i t i on 
The e f fects of N and Cl on gra in yield are shown in 
t a b l e  4 .  Wh e n  C l  a d d i t i o n  w a s eva l u a t e d  o ve r  the 5 
s i te s , C l  e f f e c t s  w e r e  n o t  s i g n i f i c � n t  ( P  < - � � 10 ) . 
H o w e ve r , t h e  l o c a t i o n  b y  C l  i n t e � a c t i �n w a s n e a r l y  
s i g n i f i c a n t  ( P  < 0 .1 2 )  s ug g � s t i n g t h �t - s o m e  s i t e  
d i f fe rences i n  re sponse may have occurred . An eva l uat ion 
..:T ..:T 
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Table 3 .  The e f fect o f  N and Cl addit i i on on p tant he ight 
in oat at s ites 8 6H and 8 6L .  
Nitrogen , kg ha- l S ign . o f  F 
S ite Cl 0 3 4  6 8  1 0 2  1 3 6  N C l  N x C l  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
kq ha- 1 - - - - - - - - - - - - - em - - - - - - - - - � - - - - - -
8 6H 0 1 0 4 . 6  1 1 0 . 4  1 1 3 . 0  1 1 3 . 8  1 1 2 . 2  * *  NS NS 
6 5  1 0 5 . 2  1 1 0 . 4  1 1 2 . 6  1 1 3 . 2  1 1 0 . 8  
8 6 L 0 9 0 . 7  9 7 . 8  1 0 0 . 0  1 0 3 . 2  1 0 1 . 8 - * *  NS NS 
6 5  9 1 . 7  9 8 . 7  1 0 2 . 2  1 0 1 . 3  1 0 3 . 7  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* , * * � S igni ficant at o . o s ,  0 . 0 1 l eve l , respect ivel y .  
� NS = Not s ign i f icant . 
8 6H N LSD ( O . OS )  = 3 . 0  
8 6L N LSD ( O . O S )  = 3 . 2  
Ta b l e  4 .  In f l u e n c e  o f  N and C l  add i t i on o n  o a t  g r a i n  
yield at 5 s ites . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -
N Cl 
0 Ave . 
3 4  
68 
102 
1 3 6  
Ave . 0 
65 
N LSD ( O . OS ) 
S ign i ficance 
N rate 
Cl rate 
N X C l  
8 6H 
2 . 2 9 
2 . 64 
2 . 5 8 
2 . 57 
2 . 4 6 
2 . 4 5 
2 . 57 
0 . 2 4 





1 . 7 2 
2 . 15 
2 . 4 4 
2 . 4 3 
2 . 55 
2 . 2 7 
2 . 2 4 
0 . 2 0 
* *  
NS 
. 2 2 
S ite 
87H 87 L 8 7 B  
Mg ha-l -- - - - - - - - - - - - - - - - - -
2 . 4 7 2 . 15 3 . 8 6 
2 . 4 0 2 . 3 6  3 . 54 
2 . 27 2 . 67 3 . 4 7 
2 . 4 4 2 . 58 3 . 5 0 
2 . 3 0 2 . 6 1 3 . 4 3 
2 . 3 3 2 . 5 1 3 . 5 2 
2 . 4 2 2 . 4 5 3 . 6 1 
NS 0 . 19 0 . 3 0 
NS * *  * 
. 07 . 2 3 . 2 9 
NS NS- NS 
- - - - - - - - - - - - - - - - - - - - - - - - - � - - - � - - - - - - - - - - - - - - - - - - - - - - - - - -
* , * * = I n d i c a t e s  s i g n i f i c a n c e  a t  t h e  0 . 0 5 a n d  0 . 0 1 
p r obab i l i ty l ev e l s , respect ive l y . NS = p robab i l i ty i s  
greater than 0 . 3 0 .  
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4 7  
d i fferences in response may have occurred . An evaluat ion 
o f  t h e  i nd iv i du a l s i t e s  i nd i c a t e  th a t  C l  a dd i t i o n  
s igni ficantly ( P  < 0 . 1 0 )  increased gra in yield a t  8 6H and 
8 7H . At the Cl respons ive s ites , Cl add i t i on increased 
. . 
gra in yield 0 . 12 and 0 . 0 9 Mg ha- l . 
A s i gn i f i c a n t  ( P  < 0 . 0 1 )  s i t e  by N i n t e r a c t i o n  
o c c u r r e d  i n d i c a t i n g s i t e  d i f f e r e n c e s . N i t r o g e n  
fert i l i z e r  s igni f icant ly increased y i elds a t  3 o f  the 5 
s ites whi l e  a decrease in yield was measured at one site 
with high yield potent i a l  and severe l odging . The ma in 
effect of N on yield for s ites of s imilar yield potent ial 
wa s regressed us ing the cont inuous l inear r e sp onse and 
p l ateau mode l  d i scus s ed by Jauregu i and Pa r i s  ( 1 9 8 5 ) . 
The s l ope o f  the l inear response reg ion was 0 . 0 08 6 9  Mg 
· kg - l w i t h  a n  o p t i mum N l ev e l  o f  8 8 . 4 8 k g  h a - l a n d 
resulting in a yield of 2 . 4 9 Mg ha-l ( Figure 2 ) . 
Test weight and yield components : 
Test weight was s igni ficantly lowered by the addit ion 
o f  N at s i tes 8 6 H ,  8 6 L ,  an� 8 7 L  ( Tabl e 5 ) . N i trogen 
signi ficantly increased lodging and decreased test we�ght 
at both s ites i n  1 9 8 6 . The decrea se in test we ight in 
1 9 8 6  may have been due to an i ncre a s e  in l od ging paused 
by N addition . Lodg ing frequently results in a reduct ion 
in test we ight ( Pinthus , 197 3 . and Brinkman et a l . , 1 9 8 5 ) . 
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Table 5 .  Main e f fects N and Cl addition on test 
weight in oat at 5 s ites . 
S ite 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
N C l  8 6H 8 6L 8 7H 8 7 L  8 7 B  
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Ave . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
kg ha - l kg har-l 
- - - - - - - - - -
kg m-3 
- - - - - - - - - - - -
0 Ave . 3 6 6  4 09 3 17 3 7 2  3 7 5  3 68 
3 4 3 6 5 4 19 3 04 3 7 0  3 6 3  3 6 4  
6 8  3 5 1  4 19 2 9 9  3 6 1 3 5 6  3 57 
1 0 2  3 3 9 4 0 7  3 0 0 3 7 0  3 6 2 3 5 6  
1 3 6  3 2 9  3 9 7  2 9 9  3 57 3 6 3 3 4 9  
Ave . 0 3 4 7  4 09 3 0 0 3 6 6 3 6 6  3 58 
6 5  3 5 4  4 12 3 0 8 3 6 7 3 6 3  3 6 1 
N LSD ( 0 . 05 )  15  16  NS 9 NS 
S ign i ficance o f  F 
N rate * *  * 0 . 2 7 * * NS 
Cl rate 0 . 1 6 NS * NS NS 
N X Cl 0 . 3 0 NS * * NS NS 
* , * *  I n d i c a t e  s i g n i f i c a n c e  a t  t h e  0 . 0 5 a n d  0 . 0 1 
p robab i l ity l eve l , respect ive l y . NS = p robab i l i ty i s  
greater than 0 . 3 0 .  
T a b l e  6 .  I n f l u e n c e  o f  N a n d C l  a d d i t i o n o n  t e s t  
we ight at site 8 7H . 
Cl 
0 
6 5  
0 
3 2 3 
3 11  
3 4  
3 0 5  
3 0 3 
Nitrogen , kg ha- l S ign .  o f  F .  
6 8  
2 7 9  
3 2 0  
1 0 2  
3 02 
' 2 9 9  
1 3 6 N · c l  N x Cl 
2 9 3 NS 
3 0 6 
* * * 
* , * * I n d i c a t e  s i g n i f i c a n c e  a t  t h e  0 . 0 5 a n d ' 0 . 0 1 
p r o b a b i l i t y  l ev e l , r e s p e c t i v e l y . · N s  = p r o b a b i l i ty 
is greater than 0 . 3 0 .  
N by Cl LSD ( 0 . 0 5 )  = 19 . 
5 0  
p l ot s . A s ign i f icant ( P  < 0 . 0 1 )  N by C l  i nteraction 
o c c u r r e d  at 8 7 H ( Ta b l e 6 ) . Ch l o r i d e  s i g n i f i c a n t l y  
incre a s ed t e s t  we ight only a t  the 6 8  kg ha- 1 N rate . 
This was a l so the N rate which had the greatest amount of 
l o d g i n g at 8 7 B .  T h e  a d d i t i o n o f  Cl r e s u l t e d in a 
substantial decl ine in lodging at the 6 8  kg N ha- l rate . 
No trends for test we ight were apparent at the other N 
r a t e s . Ch l o r i d e  may i n d ir e c t l y  a f f e c t  t e s t  we i gh t  
through an e f fect o n  l odging . 
N i t r o g e n  a d d i t i o n s  s i g n i f i c a n t l y  ( P  < 0 . 0 5 )  
increased t i l l ers m- 1 averaged across a l l  s ites ( Tabl e  
7 ) . The l a rgest increase in t i l l ers m- 1 o c curred when 
1 0 2  kg N ha- l was appl ied . Brinkman and Rho ( 19 8 4 ) also 
found that N add ition increased til ler m- 1 , but that the 
i ncrease i n  t i l l ers was not pos itively a s s o c i ated with 
the gra in yield response . Chloride had no e f fect . on the 
number of t i l l ers m- 1 . 
Seeds t i l l er- 1 were s ign i f icantly ( P  < 0 . 1 0 )  af fected 
by the add i t i on o f  N and c �  at 8 7 L  ( Tab l e  8 ) . S eeds 
t i l l er- 1 were decreased by the additions o f  C l , but ·the 
reduct ion d id not have an e f fect on gra in y ield at 8 7 L .  
The ·changes i n  s eed t i l ler- 1 a s  N l eve l s  increas�d was 
incons istent and were not related . to the change in gra in 
y i e l d s  a t  8 7 L .  C h l o r i d e · o r  N · a d d i t i o n d i d n o t  
Table 7 .  Influence of N and Cl addition on 
til lers m- 1 averaged across 5 s ites . 
Nitrogen , kg ha- l S ign . o f  F 
Cl 
0 
6 5  
0 3 4  68  1 0 2  1 3 6 










5 9  
N Cl N X C l  
* NS NS 
5 1 
* , * * I n d i c a t e  s i g n i f i c a n c e  a t  t h e  0 . 0 5 a n d 0 . 0 1 
p robab i l i ty l eve l , respect ive l y . NS = probab i l i ty i s  
greater than 0 . 3 0 .  
N LSD ( 0 . 0 5 )  = 4 .  
T a b l e  8 .  T h e  e f f e c t  o f  N a n d  C l  a d d i t i o n o n  
seeds t i l l er- 1 i n  oat at s ite 8 7 L .  
N itrogen , kg ha- l S ign . o f  F 
Cl 0 3 4  6 8  1 02 1 3 6  Ave . N C l  N X Cl 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
kg ha- l - - - - - - seeds t i l l ers - 1 - - - - -
0 3 3  3 4  3 3  3 2 3 8  3 4 * *  0 . 0 6 NS 
65 3 1  3 5  2 9  3 0  3 4 3 2 
Ave . 3 2  3 5  3 1  3 1  3 6  
* , * *  I n d i c a t e  s i g n i f i c a n c e  a t  t h e  0 . 0 5 a n d  0 . 0 1 
p r o b a b i l i t y  l ev e l , r e s p e c t iv e l y . NS . ·= p r o b ab i l i t y 
i s  greater than 0 . 3 0 .  
N LS D ( 0 . 0 5 )  = 3 .  
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s igni ficantly a ffect seeds t il ler-1 at the other 4 s ites . 
Nitrogen and C l  · additions appeared to have minor effects 
on seeds til l er- 1 . 
A significant ( P  < 0 . 0 1 )  S ite by N by Cl i nteraction 
occurred for 1 0 0 0  kernel we ight . Chl oride addit ion 
increased 1 0 0 0  kernel weight at s ites 8 6H ,  8 6L ,  8 7 H , and 
8 7 B  ( Ta b l e  9 ) . S ites 8 6H and 8 7 H had a. s ign i f i cant 
y i e l d  response to Cl , thus a portion of the gra in yield 
response was l i ke l y  due t o  a n  increase i n  1 0 0 0  k erne l 
we ight . N itrogen add i t ion decreased 1 0 0 0  kern e l  we ight 
and i nc re a s ed l odg i ng at . b o th s it e s  in 1 9 8 6 . Mu l d e r  
( 1 9 5 4 ) found a s im i l ar rel at ionship between N add it i on 
and l odging . Mul der ( 19 5 4 ) bel ieved that the increase in 
l odg i ng wou l d  reduce carbohydrate a s s im i l at i on wh i ch 
could a f fect ca rbohydrate accumul ation i n  the gra i n  and · 
result in a decrease . in 1 0 0 0  kernel weight . At s ite 8 7 B  a 
s i gn i f i c a n t  ( P  < 0 . 1 0 )  N by C l  i nt e r ac t i on o c cu r red 
( Table 1 0 ) . The Cl  addition s igni ficantly i ncreased 1 0 0 0  
kernel weight when 68  kg N ha - l was appl ied � The largest 
reduct i o n  i n  l o dg i ng due to Cl add i t i o n  at 8 7 B  a l s o  
occurred a t  6 8  k g  N ha - 1 . Ch l oride a dd i t i on s  reduced 
lodging and increased 1 0 0 0  kernel we ight at the h�ight N 
add i t i o n  r a t e s  du r i ng 1 9 8 6 . Th i s  · s u gg e s t s  t h a t  the 
increase in 1 0 0 0  kernel we ight c�tised by Cl  .add i t ion was 
the result o f  decreased lodgi ng when Cl was appl ied .  
. 5 3  
T a b l e  9 .  T h e  e f f e c t  o f  N a n d  C l  a d d i t i o n  o n  1 0 0 0  
kernel weight in oat . 
S ite 
N Cl 8 6H 8 6L 8 7H 8 7 L  8 7 B  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
kg ha- l 
- - - - - - - - - - - - - - - - - - -
g 
- - - - - - - - - - - - - - - - - - -
0 0 2 5 . 2  2 7 . 1  3 1 . 1 3 0 . 7  2 7 . 1  
3 4  0 2 3 . 5  2 7 . 5  2 8 . 0  3 1 . 0 2 7 . 0  
6 8  0 2 2 . 5  2 6 . 5  2 8 . 6  3 0 . 6  2 4 . 4  
1 0 2  0 2 2 . 1  2 5 . 9  2 8 . 6  3 0 . 0  2 6 . 9  
1 3 6  0 2 1 . 6  2 5 . 5  2 8 . 2  3 0 . 4  2 6 . 9  
Ave . 0 2 2 . 7  2 5 . 7  2 8 . 0  3 0 . 3  2 6 . 4  
6 5  2 3 . 4  2 7 . 2  2 9 . 8  3 0 . 8  2 7 . 2  
N LS D ( 0 . 0 5 )  0 . 9  1 . 3 NS NS NS 
S igni ficance o f  F 
N rate * *  * NS NS NS 
Cl rate 0 . 0 8 * *  0 . 07 0 . 1 3 0 . 1 4 
N X Cl NS 0 . 15 0 . 1 1 0 . 3 0 0 . 0 8 
* , * *  I n d i c a t e  s i g n i f i c a n c e  a t  t h e  0 . 0 5 a n d  0 . 0 1 
p robab i l i ty l eve l , re spect ively . NS = p robab i l i ty i s  
greater than 0 . 3 0 .  
Table 1 0 . I n f luence o f  N and Cl addition on 
1 0 0 0  kernel weight at 8 7 B .  
Cl 
0 
6 5  
Nitrogen , kg ha-l S ign . of  F 
0 3 4  6 8  1 0 2  
-------------- g 
2 7 . 4  2 7 . 4  2 4 . 1  2 6 . 8  
2 6 . 9  2 6 . 6  2 7 . 9  ' 2 7 . 0  
1 3 6 N . C l  N x Cl . 
2 6 . 3  NS 0 . 14 0 . 08 
2 7 . 5  . 
* , * *  I n d i c a t e  s i g n i f i c a n c e  a t  t h e  0 .. 0 5  a n d  0 . 0 1 
p robab i l i ty l eve l , res p�ct ive l y . NS = · probab i l i ty i s  
greater than 0 . 3 0 .  
N X Cl LS D ( O . O S )  � 2 . 5 . 
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Groat Prote in and O i l  content: 
Groat protein and oil content . were evaluated at a l l  
five s ites . Protein concentrations in the groat were 
s igni ficantly increased by N addition at 8 6H ,  8 6L ,  8 7 H  
t . 
and 8 7 L  ( Tabl e  1 1 ) . Pinthus ( 19 7 3 ) indicated that l odging 
increased protein concentration but that absolute amounts 
of protein were not a ffected . This did not · occur at the 
1 9 8 6  sites . Protein ha-1 and protein kernel - 1 were 
signi ficantly increased at the 198 6  s ites ( data not 
shown ) . An N rate of at least 68 kg N ha- 1 was needed 
to s ign i ficantly increase · protein content at a l l  sites 
except 8 7H .  S o i l  N l evel at s ite 8 7H was h igh and would 
decrease the expected N fertilizer effect on .prote in 
content . 
Chloride addition caused a sl ight reduction in groat 
protein concentrat ions at three s ites ( 8 6H ,  8 7L ,  and 
8 7 B ) . At the Cl responsive sites , Cl reduced prote in 
content 5 g kg- 1 . However ,  protein ha- l and prote in 
kernel - 1 were increased at the 8 6H site and not a ffected 
at the rema ining s ites . This indicates that the reduction 
of groat prote in concentrations are not l ikely a result 
of · reduced N ava i l abil ity .  Increased gra in carbo�ydrate 
assimilation may have resulted in a dilution o f  prote in 
in the kerne l . 
Tabl e 11 . The e f fect N and Cl addition on groat 
protein concentration in oat at 5 s ites . 
N Cl 8 6H 8 6 L  
. . - - - - - - - - - -
0 
3 4  
6 8  
1 0 2  








6 5  
N LS D ( 0 . 0 5 )  
1 7 8  
1 7 8  
1 8 5  
19 0 
1 9 9  
18 8 
1 8 5  
9 
S ign i f icance o f  K 
N rat e  * *  
Cl rate * 
N x Cl NS 
1 6 2  
1 6 6  
1 7 4  
1 8 5  
1 9 4  
17 6 
1 7 7  
5 





2 2 2  
2 3 3  
2 3 4  
2 2 9  
2 3 3  
2 3 3  





8 7 L  
17 2 
17 8 
2 0 2 
2 1 1 
2 0 3 
1 9 7  
1 9 1  
8 
* *  
* 
NS 
8 7 B  
18 7 
19 4 









* , * *  Indicate s igni ficance at the 0 . 05 and 0 . 0 1 
probabil ity leve l , respectively . NS = probabi l ity 
is greate r  than 0 . 3 0 .  
Ave . 
1 8 4  
19 0 
1 9 9  
2 02 
2 0 5 
1 9 8  
1 9 5  
" , - .  
5 5  
5 6  
A s igni f icant (P < 0 . 05 )  s ite by N by C l  i nteraction 
e x i s t e d  f o r  g r o a t  o i l  c o n t e nt . C h l o r i d e  a d d i t i o n  
s ign i f icant l y  ( P  < 0 . 1 0 )  decreased o i l  content at 3 o f  
the 5 s ites , while N appl ications s igni ficantly decreased 
groat o i l  c ontent a t  2 s it e s  ( Tab l e  1 2 ) . A N by C l  
interaction for groat o i l  content occurred a t  8 6H ( Tabl e  
1 3 ) • C h l o r i d e  decre a s ed o i l  content a t  a l l N ra t e s  
except a t  the 3 4  kg ha- l rate . The maximum reduction due 
to the app l i ca t i o n  o f  N o r  C l - wa s 3 g kg- 1 • Al though 
s i g n i f i c a n t , b o t h  p r o t e i n  a n d  o i l  r e d u c t i o n s  w e r e  
minimal . 
Crown rust : 
Crown rust ( Puccinia coronata ) was based on a visua l 
d e t e rm i na t i on o f  the percent l e a f  a r e a  i n f e c t e d . A 
s ign i f icant ( P  < 0 . 0 1 )  s ite by N interac t i o n  occurred . 
C rown rust was s igni f icantly ( P  < 0 . 1 0 )  increased by N 
a d d i t i o n s  a t  3 o f  the 4 s i t e s  eva l ua t e d  ( Ta b l e  1 4 ) .  
Chl oride add it ion s ign i f i cantly ( P  < 0 . 0 1 ) decreas ed 
crown rust when evaluated across all 5 s ites . However ,  
the l eve l o f  reducti on averaged less tha n  1 percent o f  
t h e  l ea f  a rea 
y i e l d  l oss . 
and woul d . not cause a n  e c o n o m i c  gra i �  
Pl ant Chloride and .Nitrate-N concentrat ions: 
P l a n t N0 3 - N a nd C l - t i s s �� c o n c e n t r a t i o n s  w e r e 
d e t e rm i n e d  a t  the boot and· he�d ing s t a g e �  a t  4 s i te s . 
Table 12 . The e f fect N and Cl addition on 




6 8  
1 0 2  
1 3 6  
Ave . 
Cl 8 6H 
Ave . 7 4 . 0  
7 5 . 0  
7 6 . 0  
7 5 . 0  
7 5 . 0  
0 7 6 . 0  
6 5  7 5 . 0  
N LSD ( 0 . 0 5 )  NS 
S igni ficance of K 
N rate NS 
Cl rate 0 . 07 
N X Cl * *  
8 6L 
69 . 0  
7 0 . 0  
6 8 . 0  
6 7 . 0  
6 8 . 0  
6 9 . 0  
6 8 . 0  






5 7 . 0  
5 9 . 0  
5 6 . 0  
5 8 . 0  
5 6 . 0  
5 7 . 0  





8 7 L  
6 5 . 0  
6 3 . 0  
6 2 . 0  
6 1 . 0  
6 1 . 0  
6 2 . 0  
6 3 . 0  
1 . 8  
* *  
0 . 1 6 
NS 
8 7 B  
6 6 . 0  
6 6 . 0  
6 6 . 0  
6 7 . 0  
6 6 . 0  
6 6 . 0  





* , * *  I nd icate s ign i ficance at the 0 . 0 5 and 0 . 0 1 
probabil ity l evel , respect ively . NS = probab i l ity 
is greater than 0 . 3 0 .  
Table 13 . The effect N and Cl addition on 
groat oil content in oat at s ite 8 6H .  
0 
6 5  
C l  
Nitrogen , k g  ha- l S ign . o f  F .  
0 3 4 68  
k - 3  --------- g m 
7 6 . 0 
7 3 . 0 
7 3 . 0  7 8 . 0  
7 8 . 0  7 4 . 0 
102  1 3 6  N C l  N x Cl 
7 7 . 0  7 6 . 0  NS 0 . 07 * *  
7 4 . 0  7 4 . 0  
* , * * Indicate s igni f ica�ce at the 0 . 0 5 and - o . 0 1 
probabil ity level , respect ively . NS = probabi l ity, 
is greater than 0 � 3 0 .  
N by Cl LS D ( 0 . 0 5 )  = 3 . 5 . 
5 7  -
T a b l e  1 4 . Th e e f f e c t  o f  N a n d  C l  a dd i t i o n  on 
crown rust in oat at 4 s ites . 
S ite 
NITROGEN Cl 8 6H 8 6L 8 7 L  8 7 B  Ave . 





1 3 6  
Ave . 
t I 
Ave . 1 5 . 8  
2 3 . 3 
2 3 . 5  
3 2 . 2  
2 7 . 8  
0 2 4 . 8  
6 5  2 4 . 2  
N LS D ( 0 . 0 5 )  6 . 0  
S igni f icance o f  E 
N rate * *  
C l  rate NS 
N x Cl NS · 
4 . 5  
9 . 7  
1 2 . 4  
18 . 6  
1 6 . 4  
1 3 . 1  
1 1 . 6  
4 . 8  
* *.  
NS 
0 . 1 8 
5 . 1 
5 . 1 
5 . 5 
7 . 4  
8 . 4  
6 . 8  
5 . 9  
2 . 8  
0 . 0 8 
0 . 15 
NS 
5 . 9  
5 . 5 
6 . 7  
7 . 0  
6 . 0  
6 . 9  
5 . 6 
NS 
0 . 2 1 
* 
0 . 1 2 
7 . 8  
1 0 . 9  
1 2 . 0  
1 6 . 3 
1 4 . 6  
1 2 . 9  
1 1 . 8  
* , * *  I nd ic ate s ign i f icance at the 0 . 0 5 and 0 . 0 1 
probabil ity l eve l , respect ively . NS = probab i l ity 
is gr�ater than 0 . 3 0 .  
,_ , · 
5 8 
5 9  
The e f fect of N and Cl addit ion on pl ant No3 -N at boot 
stage is shown in f igure 3 .  A s ign i f i cant ( P  < 0 . 0 1 )  
s i te by N by C l  interact i on occurred . Whe n  the pl ant 
N03 -N concentra�ion was low ,  as in 8 6 L ,  chloride did not 
reduce the N0 3 -N concentrat i on . However , when the pl ant 
N0 3 -N concentration was high , Cl additions s igni ficantly 
reduced the pl ant N03 -N concentration . · Even though N03 -N 
leve l s  i n  the p l ant were reduced by Cl add i t i on , gra in 
y i e l d s  w e r e  t h e  s am e  or i n c r e a s e d  ov e r  t h e  n o  C l  
t r e a t m e n t . A s i g n i f i c a n t ( P  < 0 . 0 5 )  N b y  C l  
i nteract i on occurred a t  8 6H .  Ch l o r i d e  add i t i on had a 
g reater e f fect on pl ant N0 3 -N concentrat i o n  a t  h igh N 
rates than at the lower rates of N addition . The e ffects 
o f  c h l o r ide on n i trate concentrat i on s  para l l e l ed the 
reduction in l odg ing at the 8 6H s ite . However , at the 
8 6 L s i te Cl s ign i f icantly reduced l odging at th� h igh N 
a d d i t i o n r a t e s  w i t h n o  e f f e c t  o n  p l a n t  n i t r a t e  
co ncent ra t i o n ' s .  Th i s  suggests that a depr e s s i on in 
pl ant nitrate concentrations from the Cl addition was not · 
responsible for the reduction in lodging at the 8 6 L  s ite . 
There was a l s o a s ign i f icant N by Cl interact ion at 
boot stage for p l ant Cl - concentration· at b oth s ites in 
1 9 8 6  ( F igu re 4 ) . When the p l ants were t reated with C l , 
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P LANT NITRATE - N  C O N C . IN OAT 
B O OT STAGE 
� 8 6H - Cl 
-.- 8 6H + Cl 
-B- 86L- Cl 
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1 5  ----- 86L+ Cl 
Q) 1 0  
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0 . 34 6 8  1 02 1 3 6 
AP PLIED N ( kg/ha)  
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increased . 
The e ffect o f  N and Cl addition on pl ant N03 -N and 
Cl - concentrat i on at heading are shown in · tab l e  1 5 . At 
head ing , a s ite by Cl and a s ite by N interact i o n  for 
pl ant N03 -N concentration occurred . N itrogen addition 
significantly increased plant No3 -N concentrati on at all 
4 s i t e s  a nd Cl a d d i t i o n  d e c r e a s e d the p l a n t N 0 3 - N 
concentration at 2 of the 4 s ites . At the heading stage , 
C l  a d d i t i o n s i g n i f i c a n t l y  i n c r e a s e d  p l a n t  C l ­
concentration at al l s ites . Nitrogen additions decreased 
pl ant Cl - concentration at heading s igni f i cantly at one 
site ( 8 6L) . A similar trend occurred at the other s ites . 
To evaluate the interaction between N03 - and Cl- anions 
further , p l ant N0 3 -N and C l - t i s sue concentrat i o n  ( g  
k g - 1 ) w e r e  c o n v e r t e d  t o  m e q . g - 1 ( T a b l e  1 6 ) . 
Genera l ly , for every meq . g- l decrease in N03 -N there was 
a 1 0  fold increase in the meq . g- 1 of chloride . Glass and 
S idd iqi ( 1 9 8 5 )  and Deane- Drummond and G l a s s  { 1 9 8 2 ) a l so 
found reduc t i o n s  i n  t i s s ue Cl - concentrat i on s  in the 
p r e s e n c e  o f  N 0 3 a n d  r e d u c t i o n s  i n  p l a n t N 0 3 
concentration in the presence of Cl - . · 
Tabl e 1 5 .  E f fect of ni trogen end ch l oride eddi t i on on the 
concent rat i on  of N�· tl and Cl .. In oat pl ant tfasue at heeding atege .  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S i te 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - -
N C l  �H 
l eve l l eve l .. .. .. .. .. .. .. .. .. .. .. 
86L 87H - 1 - - - · · - - - - - g tg - - - - - - · - - -
878 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - ---- - - - - - - - - - - - - - -






Ave . 0 .3 
Ave . 0 
65 
N LSD(0 . 05) 
S ign . of f 
N rate 
Cl rat e  
N X C l  
0.6 
1 . 2 
1 .9 
3 . 0 
1 . 5 
1 .3 





5 . 6  
5 . 8  
4 . 5  
5 .3 






11�-N CL .. 
0 . 1  5 . 0  
0 . 2  4 . 7  
0 . 2  · ] . 8  
0 . 4 
0 . 8  







4 . 4 








4 . 7  
4 . 0  





6 . 1  
5 .0 
5 . 2 
4 .9 
4 .3 
2 . 0  
8 . 2  
1 . 1 
* 
NS 
·�-II C l  
1 . 1  . 7. 9  
2 . 2  8 . 9  
3 . 2  8 . 2  
4 . 5  8. 3 
5 . 3 8 . 6  
3 . 4  5 . 6  
3 . 1  1 1 . 2 
0 . 7  
* *  






* ,** = I nd i cates s i gni f i cance at the 0 . 05 end 0 . 01 probabi l i ty 
l eve l s ,  respec t i ve l y. NS = probabi l i ty i s  greater than 0 .30 .  
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Tab l e  1 6 .  E f f ect o f  ni t rogen a nd  ch loride addi t i on  on the meq. � - 1  of 
ni t rates and ch l or ide in oat pl ant t i ssue averaged across 4 si tes . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
N i t rogen (kg ha- 1 ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - -
Growth C l  0 32 68 1 02 136 
Stage l eve l - - - - - - - - - - - - - - - - - - - - - -meq. - 1  - - - - - - - - - - - - - - - - - - - - -g -
( kg/ha ) NO:J- N  C l  - N03- N  C l  Nal-N C l  N03- N  C l  Nal-N Cl 
Boot 0 2 1  1 01 38 97 63 91 82 94 1 00 80 
65 1 7  408 29 406 44 356 . 60 336 80 353 
Headi ng 0 1 7  82 26 79 36 79 49 84 58 64 
65 13 269 24 267 29 267 42 253 53 259 
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S U M M A R Y : 
N itrogen add i t i on increa sed gra i n  y i e l ds a t  3 o f  5 
s i tes . The max imum y i e l d  was 2 . 4 9 Mg ha- 1 • Chl or ide 
s igni ficantly increased grain yield at 8 6H and 8 7H . At 
s ite 8 6H ,  the gra in yield response could be expla ined by 
the decrease in lodging and an increase in 1 0 0 0  kerne l 
we ight caused by Cl add ition . At s it� 8 7 H , Cl  add it ion 
i n c r e a s e d  gra i n  y i e l d  a nd 1 0 0 0  k e rn e l w e i gh t  i n  the 
absence of l odging and N response . In a companion study 
c o n d u c t e d  i n  1 9 8 6  s i m i l a r r e s u l t s  w e r e  f ou n d . T h e  
respon s e  m a y  have b e e n  c au s ed b y  a l engthen in g  o f  the 
gra in f i l l  per iod wh ich was observed on the C l  t reated 
plots . 
T e s t  w e i g h t  w a s s i g n i f i c a n t l y  l ow e r e d  b y  t h e  
add i t ion o f  N a t  8 6H ,  8 6 L ,  and 8 7 L .  The redu ct i o n  in 
test we ight g e n e ra l l y occu rred whe n  s o i l  ( 0 - 6 0 cm )  + 
f e r t i l i z e r N e x c e e d e d  1 2 0 kg h a - l a n d  wh e n  l o dg i n g 
occurred . Ch l or ide may indirectly a f fe�t te�t weight 
t h r o u g h  a n  e f f e c t  o n  l o d g i ng . N i t r o g e n a d d i t i o n s  
d e c rea s ed 1 0 0 0  ke r n e l  we i ght dur i ng 1 9 8 6 � C h l o r i de 
addit ion i ncreased 1 0 0 0  kernel we ight 1 . 3  g kg a t  both 
s ites in 19 8 6  and at s ite 8 7 H . Lodging was s ign i fi�antly 
i n c r e a s e d b y  t h e  a d d i t i o n o f  N � h i·l e � C l  a d d i t i o n  
s igni ficantly decreased lodging �t both 1 9 8 �  � ites and at 
6 6  
8 7 H . The e ffect chl or ide had on lodging was greater at 
the high N rates· than at the low rates . It appears that 
the decrease in test weight and 1000  kernel weight may be 
due to an increase in lodging caused by N addition whi l e  
the decrease iri l odging caused by Cl additions m a y  have 
increased 1 0 0 0  kernel weight . Thus , Cl addition may be a 
feas ible management practice to help reduce lodging . 
P l a n t  N 0 3 - N c o n c e nt r a t i on s  w e r e  s i g n i f i c a nt l y  
decreased b y  C l - add i t ion a t  both s ampl i ng p e r iods at 
s ites 8 6H ,  8 7H ,  and 8 7 B . Chloride addit ion reduced plant 
N 0 3 - N c o n c e n t r a t i o n 2 4  p e rc e nt . N i t r o g e n a d d i t i o n  
s ign i f icantly decreased pl ant Cl - concentrat ion a t  · t h e  
boot stage . When 1 3 6  kg ha- l of N was appl ied , plant C l -
concentra t i on wa s reduced 1 5  percent . The s e  re su l t s  
indicate No3 - - Cl - antagonism was greatest early · in the 
growing season . When comparing meq . g- l N03 - to Cl - , Cl 
anions were increased 1 0  times for each meq . g- l o f  No 3 -
The lack o f  antagonism found later in the growing season 
may be due to the over- a l l  reduct ion of C l - and N o 3 - N 
concentrations in the soil arid plant tissue � 
.. , -
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IV . A Greenhouse study Eevaluation the E f fect o f  Chloride 
on Pl ant Waer Rel ations in oat 
INTRODUCTION : 
Mo s t  h i ghe r  p l ants a r e  subj e cted t o  a n umb er o f  
envi ronmental stresses during the growing season . One 
stress that is d i ff icult to predict or control is  water 
s t r e s s . P l a n t s  e n d u r e  w a t e r  d e f i c i t s  b y  d ro u g h t  
a v o i d a n c e  o r  b y  d r o u g h t  t o l e r a n c e  ( Kr a m e r , 1 9 8 3 ) .  
Osmotic adj ustment a ids drought to lerance mechan i sms by 
u s i ng s o l u t e  c on c e ntra t i o n  to ma i nta in p l a n t  turgo r 
potential and thus allow continued plant growth ( Morgan , 
1 9 8 3 ) . Morgan , ( 1 9 8 8 ) found when turgor pres sure wa s 
ma intained under stress ful conditions , plants had greater 
growth rates than p l ant which did not ma inta i n  turgor .  
Morgan suggested turgor maintenance may have a n  a f fect 
o n  t h e  r a t e  o f  d ev e l o p m e n t , l e a f  e x t e n s i o n , l e a f  
senescence , l ea f  rol l ing , l eaf angle ,  and leaf waxiness . 
Chl oride may contribute to osmotic adj ustment and turgor 
ma i n t e n a n c e . C h r i s t e n s e n  e t  a l . ( 1 9 8 1 )  f o u n d  C l  
appl icat ions reduced ' cel l ular solute potenti a l  and thus 
may contribute to osmot i c  adj ustment . F i xen et· a l . 
( 1 9 8 6 )  f o u n d C l  a d d i t i o n s  i n c re a s e d re l a t i v e  wa t e r  
content . Th is i ncrease i n  re lat ive water content could 
ma intain a number of phy s i o l ogical · processes , such as , 
c e l l  g r owth , s t om a t a l op e n i n g � a nd ph ci � d s y n t h e s i s . 
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The obj ect ives o f  th i s  experiment were t o  eva l uate 
the e ffect of C l  on rel at ive water conterit , leaf water 
potential , osmotic potential , osmotic potent i a l  at ful l 
turgor , and stomata l  conductance ,  in oat ( Avena sativa 
L . ) and to determine the ab il ity of an oat cul t ivar to 
o sm o t i c a l l y  a d j u s t  in r e s p o n s e  to w a t e r  s t r e s s  a nd 
examine the rel at i onship o f  chloride accumu l at ion with 
osmotic adj ustment . 
,_ , · 
MATERIALS AND METHODS : 
oat ( Moore ) was grown in the greenhouse at 2 2 °C to 
2 4 ° C d u r i n g t h e  d a y  a n d 1 8 ° c d u r i n·g t h e  n i g h t . 
69 
Photoperiod was extended to 12  hours by illumination with 
metal hal ide lamps . S eeds ( 1 0 )  were p lanted January 2 7  
i n  plastic pots f i l l ed with washed s i l ica sand . The oat 
p l ants were watered w ith d i s t i l l ed water and mod i fi ed 
H o ag l a nd s  s o l u t i o n  ( Hoagl and and Arnon , 1 9 5 0 ) . The 
experimenta l  des ign was a randomi z ed complete bl ock with 
8 treatments and 6 repl icates . The treatments cons i sted 
of 4 concentrations of Cl - in the Hoaglands solution ( 0 ,  
1 0 , 2 0 , a nd 4 0  mg 1 - 1 ) and 2 water i ng s chedu l es ( no n-
re s t r i ct ed a n d  r e s t r i cted ) . The C l  t r e a tm e n t s  we r e  
equ ival ent t o  o ,  2 . 5 , 5 ,  and 1 0  mg C l  kg- 1 s o i l . The 
Cl - concentrat i ons woul d  be cons idered v e ry l ow ,  l ow ,  
med ium , and h igh ( Fixen et a l . ,  1 9 8 6 ) . The compos ition 
of the Hoagland solut ion ( exclus ive o f  chloride ) was 0 . 5 
mM NH4H2 Po4 , 2 . 0  mM KN03 , 2 . 5  mM Ca ( N03 ) 2 , 1 . 0 mM MgS04 , 
2 . 8 6 mg L- 1 H 3 Bo 3 , 1 . 5  mg L-
1 Mns o 4 *H 2 o ,  0 . 2 2 mg L-
1 
z n s o 4 * 7 H 2 o ,  0 . 0 8 m g  L -
1 - c u s 0 4 * 5 H 2 o ,  0 . 0 2 m g  r:. -
1 
H2Mo04 *H2 o ,  and 2 . 0 8 mg L-
1 FeEDDHA . Chl oride was added 
a s  c a c 1 2 . P l a n t s  we re wate red eve ry - o t h � r  d a y  w it h  
Hoa g l ands o r  d i st i l l ed water . Hoagl ands s o l ut i 6n wa s 
app l i e d  ev e ry fourth day . P l a n t s  we re h a rve s t�d �a t  
heading . Total leaf .area , Flag lea f area and dry matter 
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freez er until process ing . Osmotic potential was measured 
for sap expressed by plac ing the samp l e  in a bench v i s e  
t o  express the cel lular sap o n  a filter paper disc ( 6  mm 
diameter) . A psychrometer was .cal ibrated with standard 
sodium chloride' solutions ( Turner , 19 8 1 )  • The saturated 
f ilter paper disc was placed in the center of the sample 
holder o f  a Model C-5 2  Wescor sample chamber connected to 
a Wescor HR - 3 3 T Dew Po i nt Microvo l tmet e r  us i ng the 
technique described by Turner ( 19 8 1 ) . So lute potential 
at full turgor was calculated by multiplying the relative 
water content by the osmot ic potential and divid ing by 
1 0 0 . A random l y  s e l ected f l ag l e a f  from e a ch pot wa s 
measured for leaf water potential with a pressure chamber 
( Schol ander et at . 19 6 5 ) . The leaf was inserted i nto an 
a l um in i z ed myl a r sheath ( 5  by 15 em . )  f o r  1 0  s econds 
b e f o r e  e x c i s i o n . Th i s  a l l o w e d  t h e  l e a f t o . r e a c h  
equ i l ibr ium and to minimi z e  water loss a s  suggested by 
Turner ( 1 9 8 1 ) . To p repare the l ea f  for the pres sure 
chamber , the l ea f  was exc ised at the b l ade base and wa s 
inserted into a rubber washer . The rubber washer and the 
l ea f  were p l a ced i n  the chamber with the exc i sed end 
v i s i b l e . O n c e  the chamb e r  wa s s e a l e d , p � e s s u r e  wa s 
app l ied at a rate o f  1 bar every 5 seconds . When cel l 
sap appeared at the cut surface , the cont ro l va lv� was 
turned o f f  and the P.ressure indicated on the gauge wa s 
7 2 
recorded ( bars ) . Stomatal conductance measurements were 
taken on the f l ag l e a f  w ith a steady state p orometer . 
Three measurements were taken per pot and averaged . 
Plant Cl concentration was mea sured at the heading 
. . 
stage . A sample consisted of above ground dry mater from 
s ix pl ants from each pot . S amples were extracted for 
C l - m e a su r ement by s h a k i ng 0 . 5  g d r i ed g r ound p l a nt 
m a t e r i a l  i n  5 0  m l  o f  0 � 1 M H N 0 3 f o r  1 5  m i n . o n  a 
rec iprocating shaker ( LaCroix et al . , 1 9 7 6 ) . Chl oride 
was titrated directly with . 02 8 2  M AgNo3 . The end point 
was detected with an Orion 9 6- 17b ( Orion , Cambridge , MA ) 
comb ination Cl - electrode and Fisher 8 2 5  MP meter ( Fisher 
Science Company , Pittsburgh , PA) . 
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RESULTS : 
Hoagland solut ion chloride vs . plant chl oride cone . 
T h e  C l  t re a tm e nt s s i gn i f i c a nt l y  { P ( F ) < 0 . 0 0 1 )  
a ffected plant Cl concentration (Table 1 ) . These tissue 
c o n c e n t ra t i o ns a r e s im i l a r to f i e l d  p l a nt t i s s u e  
c o n c e n t r a t i o n s . P l a n t  C l - c o n c e n t r a t i o n  w a s  a l s o  
s igni ficantly ( P  < 0 . 0 0 1 )  affected by water treatments � 
The water-restricted pots had 7 . 15 g o f  Cl per kg o f  dry 
matter , while the non-restricted pots conta ined 6 . 4 7 g C l  
per kg of dry matter . A C l  by . water interact i on ( P { F )  < 
0 . 1 0 )  occurred ( Figure 1 ) . Plant Cl - concentrat i ons were 
increased 1 3 % more in the water res t r i cted t reatment 
rel at ive to the control between 0 and 2 . 5  mg C l - kg- 1 , 
1 2 %  b etwee n  2 . 5  and 5 . 0  mg C l - kg - 1 , but o n l y  by 2 %  
between 5 and 1 0  mg Cl- . kg- 1 . 
Y ield : 
Dry matter p roduc t i on , f l ag l e a f  a rea , a nd tot a l  
l ea f  a rea w e r e  mea sured to eva luate h ow C l  l eve l s  and 
d i f f e r e n t  w a t e r i n g s c h e d u l e s  a f f e c t e d  o a t  t i s s u e  
p r o d u c t i o n ( T a b l e  1 ) . Ch l o r i d e  a dd i t i o n s d i d ri o t  
s ign i f i cant l y  a f fect dry matter product i o n , f l ag · l e a f 
a r e a  o r  t o t a l l e a f  a r e a ; h o w e v e r ,  t h e  . t w o  wa t e r  
treatments s ign i f icantly a f fected dry matter p roduct ion 
and tota l l ea f  a rea . The restr icted pots p roduc�d · .1 4 
p e rcent l e s s  d ry matter th�n ·the non - re s t r i c t e d  pots . 
.::t r--. 
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1 0 . 0  
0 
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5 . 0  
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1 . 8 1 
5 . 0 6 
7 . 8 0 
12 . 54 
* *  
6 . 4 7 
7 . 1 5 
* *  
1 . 7 8 
4 . 7 7 
7 . 3 3 
12 . 00 
1 . 9 1 
5 . 3 5 
8 . 2 7 
13 . 08 
0 . 0 6 




2 . 99 
2 . 97 
2 . 92 
3 . 15 
0 . 14 
3 . 2 3 
2 . 78 
* *  
3 . 18 
3 . 15 
3 . 1 1 
3 . 50 
2 . 8 0 
2 . 7 9 
2 . 7 4 
2 . 79 
0 . 2 5 





1 5 . 1  
1 3 . 7  
1 4  . • 1 
1 5 . 8  
NS 
1 5 . 3  
1 4 . 0  
0 . 2 6 
1 5 . 9  
1 4 . 8  
1 3 . 9  
1 6 . 6  
1 4 . 4  
1 2 . 5  
1 4 . 2  
1 5 . 0  
NS 
1 1 . 1  
7 5  
pl ant Cl 
and tot a l  




4 4 . 2  
3 9 . 5  
4 0 . 9  
4 0 . 9  
0 . 2 1  
4 5 . 0  
3 7 . 8  
* *  
4 5 . 9  
4 3 . 9  
4 4 . 1  
4 6 . 3 
4 2 . 5  
3 5 . 2  
3 7 . 8  
3 5 . 5  
NS 
2 5 . 8  
* , * *  = I nd icates s igni fica nce at the 0 . 0 5 and 0 . 0 1 probab i l ity 
l evel s ,  respectively . NS = probabil ity is greater than 0 � 3 0 .  
N-R = water wa s not restricted . 
R = water was restricted . 
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The restricted pot ' s  leaf area was 1 6  percent l ess than 
t h e  n o n - r e s t r i ct e d  p o t s . T h e r e  wa s n o  s i g n i f i c an t  
int e ract i on between water and C l  treatments for t ota l 
l eaf area , flag leaf area , or dry matter production . 
I I 
Plant water rel at ions: 
P l a nt wate r  r e l at i o n  p arameters a re r e p o rt e d  i n  
tab l e  2 .  Lea f wate r  potent ia l , solute potent i a l , and 
s o l u t e  p o t e nt i a l  a d j u s t e d  f o r  f u l l  t u rg o r  w e r e  n o t  
sign i ficantly ( P  < 0 . 1 0 )  affected b y  chl oride additions . 
However ,  C l  tended to decrease l ea f  wate r  p otent i a l , 
solute potential , and solute potential adj usted for ful l  
turgor . Rel at ive wat e r  content w a s  n o t  s ign i f i cantly 
( P ( F )  < 0 . 1 0 )  a f f e c t e d  by c h l o r i d e  a d d i t i o n s . A 
s i g n i f i c a n t  ( P ( F ) < . 0 . 1 0 )  w a t e r  b y  C l  i n t e r a c t i o n 
o c c u r r e d  f o r  s t om a t a l  c o n d u c t a n c e . T h e  s t om a t a l  
conductance for a water-restricted plant was greater than 
the non- restr i cted p l ant . Th i s  i nd i cate s the water-
restricted plants had adapted to stress conditions , such 
as midday stress , whi l e  the non-restricted p lant reacted · 
to m idday stress by c l os ing its stomates .  The p lants 
watered with a very high level of Cl had larger stomatal 
conductance readings . The non-restricted plants . �r�ated 
with medium and high l evels of Cl had the l owest stomatal 
conductance . These p l ants wer� probably never stressed 
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Tabl e 2 .  T h e  effect o f  ch l or i de  and wat er - s t ress on plant wat er rel at i ons .  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
So l ute 
Potent i a l Re l at i ve  
"at er C l  "ater Sol ute •t ful l Pressure Uater Stomata l 
Leve l Leve l Pot ent i a l  Potent i a l  Turgor Potent i a l  Content Conci.Jc tance 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
mg leg_ , - - - - - - - - - - - - - - - - -MPa - - - - - - - - - - - - - - - - - - - - - X Mg .. -2 __ , 
Ave . 0 1 . 59 1 . 77 1 . 63 . 0. 1 8  91 . 8  1 505 
Ave . 2 . 5  1 . 58 1 . 83 1 . 67 0 . 25 91 . 3  1 262 
Ave . 5 . 0  1 . 61 1 . 85 1 .69 0.24 91 . 3  1 247 
Ave . 1 0 . 0  1 . 78 1 . 78  1 . 64 0 . 00 92 . 2 1422 
S ign . NS NS N S  N S  NS 0 . 1 4 
N - R  Ave . 1 .62 1 .83 1 . 69 0 . 1 2 92 . 3  1 280 
R Ave . 1 .66 1 . 78 1 . 62 0 . 1 2  9 1 . 1  1 440 
S ign . NS NS 0 . 2 1  NS N S  0 . 09 
N - R 0 1 . 59 1 . 74 1 . 63 0 . 1 5  93 . 9  1 4 56 
2 . 5  1 . 53 1 . 89 1 .  71 0 . 36  90 . 4  1 222 
5 . 0  1 . 67 1 . 89 1 . 77 0 . 22 93 . 7 964 
1 0 . 0  1 . 68 1 . 78 1 . 63 0 . 1 0 9 1 . 0  1 480 
0 1 . 58 1 . 80 1 . 62 0 . 22 89 . 7  1 5 5 5  
2 . 5  1 . 62 1 . 76 1 . 62 0 . 1 4  92 . 3  1 303 
5 . 0  1 . 56 1 . 80 1 . 60 0 . 24 88 . 9  1 532 
1 0 . 0  1 . 88 1 . 76 1 .65 - 0 . 1 2  93 . 4  . 1 364 
S ign . NS NS N S  NS 0 . ; 1 0 . 07 
cv 1 6 . 1 1 1 . 1  1 2 . 2  25 .2  5 . 2  20 . 8 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* * = I nd i cates s i gn i f i cance at the 0 . 05 or 0 . 0 1 probabi l i ty l eve l s ,  , 
respec t i ve l y. N S  = probabi l i ty i s  great �r than 0 . 30 .  
N - R  = "a ter was not rest r i c ted. 
R = "a t e r  was rest r i ct ed .  
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and were sens itive to the midday stress . The l ow stomatal 
conductance readings indicate the stomates were a lmost 
closed and the readings should have been taken earl ier in 
the day to obta in greater treatment differences . There 
was no s ign i f icant ( P ( F ) < 0 . 1 0 )  water treatment e ffect 
on p l a n t  w at e r  r e l a t i o n s h i p  mea su reme n t s  e x c e p t  f o r  
stomatal conductance . 
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S U MMA R Y : 
A C l  by water interaction occurred f o r  p l ant Cl ­
c o n c e n t r a t i o n . T h e  p l a nt C l - c o n c e n t r a t i o n s  we r e  
increas ed 1 3 %  more i n  the wate r  restr i cted t r eatment 
re l at ive to the control between 0 and 2 . 5  kg C l - mg- 1 , 
1 2 %  b etwe en 2 . 5  a nd 5 . 0  kg C l - mg- 1 , but o n l y  by 2 %  
between 5 and 1 0  kg Cl- mg- 1 • A s ignificant relationship 
existed between Hoagl and solut ion Cl - concent ration and 
p l a n t  C l - c o n c e n t r a t i o n . The c o r re l a t i o n  b e twe e n  
s o l u t i o n C l - c o n c e n t r a t i o n a n d  t h e  p l a n t  C l -
concentrat i on wa s 0 . 9 9 .  The pl ant C l - c oncentrat ions 
found in the greenhouse were s imilar to the p lant tissue 
c o n c e n t r a t i o n s  f o u n d  i n  t h e  f i e l d . L e a f  w a t e r  
potent i a l , s o l ute potential , and turgor p otent i a l  were 
not s ign i f icant ly a f fected by the addition o f  Cl but 
l e a f  wat e r  p o t e nt i a l  a n d  s o l ute potent i a l  t ended to 
decrease , whi l e  turgor potential was increas�d . This is 
s imilar to what Christensen et· al . ( 19 8 1 )  found in wheat . 
However ,  the 1 0  mg kg�1 leve! of Cl caused . an increase in 
s o l u t e  p o t e n t i a l  a n d a d e c r e a s e  i n  t h e  p r e s � u r e 
potent i a l . The high l evel o f  Cl and its c ompanion ions 
may have caus e d  an i ncrea s e  in the apop l a s t  s � lut ion 
concentration , which in turn would cau�e a loss of ce l l  
turgo r . A l s o , the h igh c oncentra t i o n  o f. t l  may have 
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reduced carbohydrate production and caused a reduction in 
solutes . A s igni ficant Cl by water interaction occurred 
f o r  s t om a t a l c o ndu c t a n c e . s t oma t a l c o ndu c t a n c e  w a s  
greater f o r  h i gh C l  andj or water-restricted p l ant s . 
The s e  p l ant may h ave adapted to stre s s  cond i t i o n s  a nd 
w e r e  n o t  a s  s e n s i t iv e  t o  d a i l y s t r e s s  a s  t h e  n o n -
restricted p l ants . Osmotic adj ustment i n  Moore under 
water-restricted conditions or increased Cl  concentration 
did not occur in this study . 
I n  c o n c l u s i o n , ( 1 )  Ch l o r id e  d i d  n o t  a f f e c t  d ry 
matter production o r  l ea f  a rea ; ( 2 )  Ch l o r ide d i d  not 
s igni ficantly decrease solute potential , solute potential 
at ful l turgor , or l ea f  water potent ial but some trends 
were appa rent ; ( 3 )  S t omates were not as s en s i t ive to 
stress conditions if they had previously been stressed or 
if a high level of Cl  was present ; ( 4 )  Chloride addition 
did not s igni fi cantly a f fect pressure potent i a l . but an 
increase in Cl tended to increase the pressure potent ial ; 
and ( 5 )  Osmot ic adj ustment in Moore did not occur under 
w a t e r - r e s t r i c t e d  
concentrat ions . 
c o n d i t i o n s  
� .  . . . 
o r  i n c r e a s e d C l  
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V .  CONCLUSION : 
The e f f e c t  o f  ch l o r i d e  ( Cl )  a dd it i o n  o n  o at ( A .  
sat iva L . ) was evaluated in three stud ies . A field study 
w a s c o nd u c t e d  t o  e v a l u a t e  t h e  e f f e c t  C l  h a d  o n  5 
cul t ivars ( B�nson , Froke r , Lancer , Moo re , a nd Ogl e ) . 
Chl oride addition s igni ficantly increased oat gra in yield 
at s om e  s i t e s . The a d d i t i o n o f  3 2  k g  C l  h a - l w a s  
suf fi c i ent i n  obta in ing near max imum oat gra in y i e l d s . 
At the Cl respons ive s ites , 8 6H and 8 6L ,  the average oat 
gra in y i e l d  response to 3 2  kg Cl ha- 1 was 1 2 0 kg ha - 1 . 
The 2 s ites i n  wh ich s ign i f icant yield responses to .C l  
addition occurred , a l s o  had s ign i f icant increases in 1 0 0 0  
k e r n e l  w e i gh t . T h u s , i t  a p p e a r s  t h a t  p a r t o f  t h e  
i ncrea s e  i n  gra i n  y i e l d  i s  due t o  a n  i n c re a s e  i n  1 0 0 0  
k e r n e l w e i gh t . C h l o r i d e  ad d i t i o n d i d  n o t  i n c r e a s e  
t i l l ers meter-1 or seeds til ler- 1 . 
The e f fect C l  had on p l ant .wat e r  re l at i ons , crown 
rust , p l ant Cl concentration and pl ant K concentrat ion 
was a l .so evaluated . Crown rust , relativ� water content , 
l ea f  water potent i a l , and stomatal conductance were not 
a f fected by the addition of Cl . However , Cl - decreased 
solute potent i a l  and so lute potenti�l adj u sted for . fu l l  
turgor du r i ng b o o t  s t age a ndj or . g ra i n . f i l l  � t  th r e e  
s ites . Data i l lustrat i ng the . re lat i onsh ip
. 
betwee n ·the 
d e c r e a s e  in o s m o t i c  p o t e n t i a l  or o s m o t i c  p o t e n t i a l  
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adj usted for ful l turgor and an increase in gr� i n  y i e l d  
was inconclus ive . 
The plant analys is for Cl - and K+ i on concentration 
i n d i c a t e d  t h a t  K C l f e r t i l i z e r i n c r e a s e d p l a n t  C l -
. .  
c o n c e n t r a t i o n a n d h a d  n o  e f f e c t  o n  p l a n t K +  
concentrat ion . There fore , the gra in y i e l d  respons e was 
most l ikely due to Cl addition . Soil Cl l evel s  greater 
than 6 0  kg Cl ha- 1 ( 0 - 6 0cm) were adequate in obta ining 
near maximum yields . Even though the increases in gra in 
y ield were s igni f icant , they were genera l ly too sma l l  to 
be p ro f itab l e  for the year of appl icat ion under current 
e conom i c  cond i t i on s . Th i s  ana l ys i s  does not t ake into 
cons ideration res idual Cl . 
A · second field study was conducted to determ ine the 
e f f e ct d i f ferent rates of N and C l  have on gra i n
_
y i e l d , 
l od g i ng , a nd p l a n t  N0 3 -N and C l - concent r a t i on a t  5 
s i t e s . N it rogen add i t i on i ncrea s ed gra i n  y i e l d  a t  3 
s ites whi l e  Cl addition increased grain yield at 2 s ites . 
The optimum N l evel was 8 8 . � 8 kg ha-l and resulted in a 
y i e l d  o f  2 . 4 9 Mg ha - 1 . N i t rogen add i t i on i nc r�a s ed 
l o d g i ng wh i l e  C l  r e d u c ed l o dg i ng . . T h e  s i t e s  w h e re 
lodg ing occurred general ly had lower 10 0 0  kernel we ights 
and test weights . Chloride additions at �h� l odging s ites 
increased 1 0 0 0  kernel we ights . · Of the three l ocat ions in 
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w h i c h l o d g i n g  w a s  r e d u c e d  b y  C l , o n l y  o n e  h a d  a 
s igni ficant yield increase due to Cl . N itrogen addit ion 
decrea sed the p l a nt C l - concentrat i on and C l  add i t i on 
reduced p l ant N0 3 concent rat ion . The antagon i sm was 
greatest earl i'er in the growing season due l ikely to the 
higher l eve l s  o f  each ion in the pl ant t i ssue and so i l  
solution . 
The f inal study was conducted in the greenhouse . The 
s t u d y  ev a l u a t e d  t h e  e f f e c t  C l  a n d d i f f e r e n t  wa t e r  
schedules had o n  oat pl ant water rel at ions and stomatal 
co nductance . Le a f  wat er potent i a l , s o l ut e  potent i a l , 
s o l ut e  p ot e n t i a l  a d j u s t e d  f o r  f u l l t u rg o r  w e r e  n o t  
s igni ficantly ( P  < 0 . 1 0 )  affected by the · addit ion of Cl . 
However ,  l ea f  water potent i a l , solute potent ia l ; solute 
potent i a l  adj u sted f o r  fu l l  turgor tended to decre a s e  
whi l e  turgor pressure was increased . A t  high l evel s  of C l  
o r  w a t e r - r e s t r i c t i o n s  the s t oma t a l c o ndu c t a n c e  wa s 
h ighe r . Th i s  sugge sts the pl ants may have adapted to 
stress ful condit ion$ and were not as sens i t ive to da i l y  
stress a s  the non-stressed plants . 
The results o f  these studies indicate Cl may in6rease 
oat gra i n  y i e l d , however the increa s e s  i n · gra i n  y i e l d  
. .  
were general ly too sma l l  to be prof itable for the year o f  
appl ication under current economic conditions . Ch-loride 
t e n d e d  to d e c r e a s e  l o d g i n g  a n d a f f e c t  p l a n t  w a t e r  
8 4 
rel at ions . However ,  the cause o f  the .y i e l d  responses i s  
s t i l l  n o t  c l ea r . Further re search i s  need t o  d e t e rm i n e · 
the amount o f  s o i l  + fert i l i zer Cl need to obt a i n  max imum 
o a t  g r a i n  y i � l d . T h e  e f f e c t C l  h a s  o n  b a s a l  c u l m  
i nternode l ength and how that e f fects l odgi ng shoul d  a l so 
be eva luated . 
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APPENDl:CES 
A:. , · 
9 1 . 
Appendix A 
Means and AOV for oat CUltivar by Chlori de study 
9 2 . 
The effect of Cl fertili zation on tillers meter- 1  in oat . 
S ite 
Cultivar Cl 8 6H 8 6L 87H 8 7 L  8 7 B  






0 6 8 . 2  
3 2  6 9 . 7  
6 4  6 7 . 5  
0 6 6 . 8  
3 2  6 0 . 3  
64  69 . 8  
0 59 . 5  
3 2 58 . 7  
6 4  5 3 . 2  
0 5 4 . 7  
3 2 5 3 . 2  
6 4  5 8 . 8  
0 69 . 7  
3 2  69 . 2  
6 4  6 5 . 5  
S ignif icance o f  F 
Cult . * *  
Cl NS 
Cult . x Cl NS 
5 3 . 0  
5 0 . 6  
5 5 . 2  
5 8 . 6  
4 9 . 6  
5 0 . 2  
5 3 . 6  
4 7 . 6  
4 8 . 4  
4 i . 8  
4 5 . 2  
4 8 . 2  
52 . 6  
5 6 . 2  
4 9 . 4  
0 . 0 6 
NS 
NS 
54 . 7  
64 . 5 . 
57 . 3 
5 0 . 8  
56 . 2  
58 . 5  
42 . 7  
4 6 . 2  
49 . 8  
3 2 . 0  
63 . 0  
59 . 3 
57 . 5  
69 . 8  
56 . 2  
* *  
0 . 1 1 
NS 
4 1 . 0 
4 7 . 2  
4 3 . 2  
5 1 . 8  
4 9 . 8  
4 8 . 5  
3 9 . 2  
4 3 . 5  
4 9 . 5  
4 5 . 0  
5 1 . 0  
_5 4 . 2 
5 1 . 2  
4 6 . 7  
4 6 . 3 
0 . 0 6 
N S  
N S  
7 9 . 2  
7 7 . 0  
7 3 . 4  
7 8 . 7  
8 5 . 8  
8 3 . 3 
7 4 . 5  
7 4 . 7  
8 4 . 5  
8 4 . 5  
8 1 . 7  
8 2 . 3 
1 0 0 . 0  
9 6 . 7  
9 2 . 8  
* *  
NS 
NS 
* , * *  = Indicates signi ficance at the 0 . 05 and 0 . 0 1 
probabi l ity , respectively . NS = probabi l ity is greater 
than 0 . 3 0 .  
. , · 
9 3  . 








kg ha- l  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
S igni ficance of F 
8 6H 
3 2 . 0  
3 2 . 5  
3 0 . 8  
2 3 . 2  
2 5 . 7  
2 2 . 2  
3 0 . 0  
3 2 . 7  
4 4 . 0  
2 6 . 5  
2 9 . 8  
2 6 . 5  
2 9 . 7  
3 1 . 0  
3 1 . 8  
Cul t . * *  
Cl NS 
Cult . X Cl 0 . 17 
8 6 L 
3 1 . 4  
3 0 . 4  
2 8 . 4  
2 4 . 8  
2 7 . 2  
2 9 . 4  
3 Q . O  
2 6 . 4  
2 7 . 0  
2 9 . 2  
3 1 . 4  
2 7 . 0  
2 4 . 2  
2 5 . 2  
2 5 . 6  




8 7 H  8 7 L  8 7B 
seeds t i l ler- 1  ---------
2 9 . 2  
2 4 . 7  
2 6 . 6  
2 7 " .  3 
2 6 . 3  
2 7 . 9  
2 6 . 2  
2 4 . 6  
2 9 . 5  
2 4 . 4  
2 2 . 8  
2 1 . 6 
2 5 . 0  
2 2 . 3  
2 4 . 6  
0 . 2 7 
0 . 3 0 
NS 
4 4 . 3  
4 2 . 3  
3 9 . 9  
3 5 . 2  
3 4 . 3  
3 5 . 7  
3 4 . 4  
3 4 . 7  
3 1 . 5  
3 7 . 3  
3 4 . 9  
3 1 . 7  
3 3 . 9  
3 2 . 8  
3 5 . 7  
0 . 2 5 
NS 
NS 
4 4 . 4  
4 3 . 8  
4 7 . 6  
4 3 . 6  
4 2 . 8  
4 5 . 0  
3 7 . 7  
4 4 . 4  
3 8 . 1  
4 1 . 1  
3 9 . 3  
4 0 . 9  
3 8 . 9  
3 3 . 5  
3 6 . 5  
* *  
NS 
0 . 0 6 
* , * *  = Indicates s igni ficance at the 0 . 0 5 and 0 . 0 1 
probab i l ity , respectively . NS = probabi l ity i s  greater 
than 0 . 3 0 .  
94 -
The e f fect of Cl- fert i l ization on 1 0 0 0  kernel weight . 
S ite 
- - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - -
Cultivar Cl 8 6H 8 6L 8 7 H  8 7 L  8 7 B  
kg ha
- l ------------------ g ------------ ------
Moore 





3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
S ign i f icance of F 
1 6 . 8  
1 9 . 7  
1 9 . 5  
1 9 . 4  
1 9 . 4  
2 1 . 1 
2 2 . 9  
2 3 . 3  
2 3 . 3  
1 9 . 3  
1 9 . 8  
1 9 . 9  
1 8 . 6  
2 0 � 2  
2 0 . 1 
Cul t . * * 
Cl * * 
Cu l t . X Cl NS 
2 2 . 1  
2 2 . 9  
2 1 . 5  
2 1 . 7  
2 1 . 6  
2 2 . 1  
2 3 . 8  
2 4 . 4  
2 5 . 2  
1 8 . 8  
2 0 . 7  
2 0 . 2  
2 2 . 1  
2 2 . 6  
2 3 . 3  
* *  
* *  
NS 
2 2 . 9  
2 3 . 7  
2 3 . 8  
2 7 . 3  
2 7 . 6  
2 7 . 5  
2 7 . 3  
2 8 . 1  
2 7 . 0  
2 2 . 9  
2 2 . 4  
2 2 . 4  
2 2 . 1  
2 3 . 3  
2 2 . 4  
* *  
NS 
NS 
2 5 . 4  
2 5 . 5  
2 5 . 9  
2 6 . 9  
2 7 . 4  
2 7 . 3  
3 1 . 0  
3 1 . 0 
3 1 . 4  
2 5 . 6  
2 3 . 5  
2 6 . 4  
2 5 . 8  
2 5 . 5  
2 6 . 1 
* *  
0 . 2 1 . 
NS 
2 0 . 9  
2 1 . 4  
2 1  
2 3 . 4  
2 3 . 6  
2 3 . 9  
2 5 . 8  
2 5 . 8  
2 7 . 2  
1 8 . 9  
· 1 8 . 9  
1 9 . 0  
1 9 . 5  
2 0 . 1  
1 8 . 5  
* *  
NS 
0 . 1 9 
* , * *  = I nd icates s igni ficance at the 0 . 0 5 and 0 . 0 1 
probab i l ity ,  respectively . NS = probab i l ity is greater 
than 0 . 3 0 .  
� , . . 
E ffect o f  Cl fertilization on plant Cl 
concentration at the three · leaf stage .  
Cultivar 
Moore 
Ogl e  
Cl 
�g ha- l  
0 
3 2  
6 4  
0 
3 2  
6 4  
S igni ficance of F 
Cult . 
Cl 
Cult . X Cl 
S ite 
8 7H 8 7 B  
g kg-1 ----
2 . 5  7 . 9  
4 . 9  12 . 8  
5 . 6  1 6 . 3  
1 . 9  6 . 3  
4 . 0  12 . 0  
5 . 6  13 . 6  
0 . 09 * 
* *  * *  
NS NS 
* , * *  = Indicates significance at the 0 . 05 and 0 . 0 1 
probab i l ity ,  respectively . NS = probabi l ity i s  greater 
than 0 . 3 0 .  
9 5  . 
9 6 
The ef fect of Cl fertil ization on relative water content 
at boot stage . 
Site 
Cultivar Cl 8 6H 8 6L 8 7H 8 7 8  
- - - - - - - - - - - - �- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­
kq ha









Cult . X Cl 
0 
3 2  
64 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
of .E 
9 0 . 1  
9 0 . 6  
9 0 . 7  
9 0 . 9  
9 0 . 3  
9 2 . 0  
9 1 . 4  
9 2 . 1  
9 0 . 6  
9 1 . 3  
9 2 . 1  
9 0 . 9  
9 0 . 8  
9 1 . 0  




89 . 7  9 1 . 4  9 2 . 3  
9 1 . 4  9 0 . 9  9 2 . 8  
9 1 . 0 8 7 . 3  9 3 . 2  
9 1 . 8  8 9 . 6  9 1 . 2  
9 1 . 8  8 9 . 8  9 1 . 6  
9 1 . 9  8 9 . 6  9 1 . 4  
9 0 . 7  9 2 . 6  9 2 . 5  
9 1 . 4  9 1 . 2  9 3 . 0  
9 1 . 1 9 0 . 7  9 3 . 0  
89 . 9  9 0 . 6  9 0 . 9  
9 0 . 2  9 1 . 7  9 2 . 2  
89 . 3  9 0 . 3  9 3 . 2  
9 1 . 5 9 1 . 2 9 1 . 4  
9 0 . 6 8 9 . 4  9 2 . 4  
9 0 . 7  8 9 . 6  9 1 . 8  
0 . 0 9 NS . 0 .  2 8  
NS 0 . 1 7 0 . 1 3 
NS NS · NS 
- - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* , * * = Indicates significance at the 0 . 0 5 and 0 . 0 1 
probabil ity , respectively . NS = probability is greater 
than 0 . 3 0 .  
9 7  . 
The effect of Cl fertil ization on osmotic potential at 
boot stage . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Site 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Cultivar Cl 8 6H 8 6L 8 7H . 8 7 8 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -






S ign i f icance 
Cult . 
Cl 
Cult . X Cl 
0 
3 2  
64 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
o f  .E 
- - - - - - - - - - - - - MPa - - - - - - - - - - - - - - - -
0 . 9 9 1 . 8 4 1 . 1 0 0 . 9 2 
1 . 0 6 · 1 . 8 5 1 . 3 3 0 . 8 8 
1 . 0 0 1 . 9 5 1 . 2 9 0 . 9 9 
1 . 0 9 1 . 8 3 1 . 2 2 0 . 9 0 
1 . 2 6 1 . 8 9 1 . 2 0 0 . 9 8 
1 . 06 1 . 8 4 1 . 2 4 1 . 0 1 
1 . 2 8 1 . 8 4 1 . 1 1 0 . 9 0 
1 . 0 7 1 . 8 7 1 . 2 5 0 . 9 8 
1 . 1 7 1 . 9 3 1 . 3 2 1 . 0 3 
1 � 17 1 . 8 2 1 . 2 3 0 . 9 5 
1 . 2 1 1 . 7 6 1 . 12 0 . 9 1 
1 . 2 4 1 . 8 6 � - 19 0 � 8 7 
1 . 3 7 1 . 9 2 1 . 2 5 1 . 0 3 
1 . 3 0 2 . 0 1 1 . 3 7 0 . 8 8 
1 . 4 4 2 . 2 7 1 . 3 9 0 . 9 9 
**  * 0 . 18 NS 
NS * * NS 
NS NS NS NS 
* , * * � Indicates significance at the 0 . 0 5 and 0 . 0 1 
probabil ity , respectively . · Ns = probabil ity is greater 
than 0 . 3 0 .  
. , · 
The e ffect o f  Cl fertilization on solute potential 
adjusted for full turgor at boot stage . 
Site 
CUltivar Cl 8 6H 8 6L 8 7H 8 7 8 
- - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ­







3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
64 
0 
3 2  
6 4  
0 
3 2  
64 
S ignificance of � 
Cult . 
Cl 
Cult . X Cl 
0 . 8 9 
0 . 9 6 
0 . 9 1 
0 . 9 9 
1 . 14 
0 . 9 8 
1 . 17 
0 . 9 9 
0 . 8 8 
1 . 07 
1 . 1 2 
1 . 1 3 
1 . 2 4 
1 . 18 




" 1 . 6 5 
1 . 69 
1 . 77 
1 . 6 8 
1 . 7 4 
1 . 69 
1 . 67 
1 . 7 1 
1 . 7 5 
1 . 6 3 
1 . 59 
1 . 6 6 
1 . 6 6 
1 . 7 6 




1 . 00 
1 . 2 1 
1 . 13 
1 . 09 
1 . 08 
1 . 11 
1 . 03 
1 . 14 
1 . 2 0 
1 . 1 1 
1 .. 0 3  
1 . 07 
1 . 14 
1 . 2 2 
1 . 2 5 
0 . 2 9 
0 . 10 
NS 
0 . 8 5 
0 . 8 2 
0 . 9 2 
0 . 8 2 
0 . 9 0 
0 . 9 2 
0 . 83  
0 . 9 1 
0 . 9 5 
0 . 8 7 
0 . 8 4 
0 . 8 1 
0 . 9 4 
0 . 8 1 




- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - -
* , * * = Indicates significance at the - 0 . 05 and 0 . 0 1 
probabil ity , respe_ctively . NS = probabil ity is greater . . 
than 0 . 3 0 .  
9 8 ·  
The effect o f  Cl fertil ization on relative water content 
at heading stage . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - -
S ite 
Cultivar Cl 8 6H 8 6L 8 7H 8 7 8 








3 2  
6 4  
0 
3 2  
6 4  
0 






3 2  
6 4  
S igni ficance of E 
Cult . 
Cl 
Cult . X Cl 
-------------- % ----- - - ---------
9 2 . 4  
9 0 . 6  
9 2 . 9  
9 3 . 2  
9 5 . 7  
9 4 . 1  
9 3 . 3  
9 3 . 0  
9 3 . 2  
9 2 . 1  
9 1 . 8  
9 2 . 7  
9 2 . 7  
9 3 . 4  
9 3 . 6  
NS 
0 . 1 1 
NS 
8 7 . 7  
8 9 . 8  
87 . 7  
8 8 . 6  
9 0 . 7  
8 9 . 2  
8 9 . 7  
8 8 . 6  
89 . 4  
89 . 2  
8 9 . 7  
9 0 . 8  
89 . 0  
89 . 4  




8 7 . 2  
8 6  .. 3 
8 8 . 5  
8 5 . 2  
8 4 . 7  
8 4 . 6  
8 8 . 3  
8 9 . 2  
8 7 . 7  
8 8 . 2  
8 9 . 6  
8 9 . 0  
8 7 . 7  
8 7 . 6  
9 1 . 7  
* *  
0 . 2 9 . 
0 . 1 4 
9 1 . 3  
9 0 . 4  
9 0 . 7  
9 0 . 8  
9 0 . 7  
9 1 . 5  
8 9 . 4  
9 1 . 1  
8 9 . 9  
9 1 . 2  
9 0 . 4  
9 0 . 7  
8 9 . 4  
9 1 . 4  
·8 9 . 0  
· 0 . 1 1 
NS 
0 . 1 6 
* , * * = Indicates significance at the 0 . 0 5 and 0 . 0 1 
probabil ity ,  respectively . NS = probabil ity i s  greater 
than 0 . 3 0 .  
9 9 : 
The effect of Cl fertilization on solute potetial at 
heading stage . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - -
Cultivar 
Moore 







3 2  





3 2  
64 
0 
3 2  
64 
0 
3 2  
6 4  
S igni ficance · of � 
Cult . 
Cl 
Cult . X Cl 
S ite 
8 6H 8 6L 87H 8 7 8 
------------ -MPa - - - - - - - - - - - - - - -
1 . 47 
1 . 4 5 
1 . 44 
1 . 2 7 
1 . 3 9 
1 . 3 0 
1 . 58 
1 . 67 
1 . 78 
1 . 63 
1 . 6 6 
1 . 4 9 
1 . 51 
1 . 54 




2 . 11 
1 . 9 3 
2 . 2 6 
1 .. 7 1  
1 . 9 4 
1 . 8 1 
2 . 2 8 
2 . 1 0 
2 . 3 1 
2 . 0 6 
1 . 8 6 
2 . 16 
2 . 3 0 
2 . 2 4 
2 . 3 7 
* *  
NS 
NS 
1 . 93 
1 . 76 
1 . 87 
1 . 9 1 
1 . 78 
1 . 63 
1 . 75 
1 . 9 6 
1 . 78 
2 . 01 
1 . • 8 6  
1 . 8 3 
1 . 8 2 
1 . 8 1 
1 . 8 3 
NS 
0 . 2 � 
0 . 10 
1 . 32 
1 . 4 1 
1 . 29 
1 . 54 
1 . 3 8 
1 . 4 3 
1 . 2 4 
1 . 2 0 
1 . 47 
1 . 2 7 
1 . 2 0 
1 . 2 6 
1 . 4 6 
1 . 4 6 
1 . 6 1 
* *  
NS 
NS 
* , * * = Indicates significance at the 0 . 05 and 0 . 01 
probabil ity , respectively . NS = probabil ity is greater 
than 0 . 3 0 .  
. , · 
1 0 0  . 
The effect of Cl fertil ization on solute potential 















3 2  
64 
o. 





S ignificance of � 
Cult . 
Cl 
Cult . X Cl 
S ite 
8 6H 8 6 L  8 7H 8 7 6 
--------------MPa - - - - - - - - - - - - - -
1 . 3 6 
1 . 3 1 
1 . 3 4 
1 . 18 
1 . 3 3 
1 . 2 2 
1 . 4 7 
1 . 5 5 
1 . 6 6 
1 . 5 0 
1 . 5 3 
1 . 3 8 
1 . 4 0 
1 . 4 4 




1 . 8 6 
1 . 7 3 
1 . 9 7 
1 . 5 2 
1 . 7 6 
1 . 6 2 
2 . 0 4 
1 . 8 7 
2 . 0 7 
1 . 8 4 
1 . 6 7 
1 . 9 6 
2 . 0 5 
2 . 0 0 
2 . 1 4 
* *  
NS 
NS 
1 . 6 8 
1 . 5 2 
1 . 6 6 
1 . 6 2 
1 . 5 1 
1 . 3 7 
1 . 5 5 
1 . 7 5 
1 . 5 6 
1 . 7 8 
1 . 6 6  
1 . 6 3 
1 . 6 0 
1 . 5 9 
1 . 6 8 
0 . 1 6 
NS 
* 
1 . 2 1 
1 . 2 8 
1 . 17 
1 . 4 0 
1 . 2 5 
1 . 3 1 
1 . 1 0 
1 . 0 9 
1 . 3 2 
1 . 1 6 
1 . 0 8 
1 . 1 4 
1 . 3 0 
1 . 3 3 




* , * *  = Indicates significanc� at the 0 � 0 5 and 0 . 0 1 
probabil ity , respectively . NS = probabil ity is greater 
than 0 . 3 0 .  
1 0 1 . 
The e ffect of Cl fertil ization on relative water content 
at grain fill . 
Site 
CUltivar Cl 8 6H 86L 8 7H 87 8 
kg ha-l 
0 
3 2  








3 2  
64 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
S ignificance of E 
Cult . 
Cl 
Cult . X Cl 
90 . 8  
9 0 . 0  
88 . 9  
7 2 . 6  
65 . 5  
78 . 3  
9 0 . 6  
9 0 . 5  
89 . 5  
82 . 1  
8 1 . 3  
77 . 9  
65 . 7  
78 . 0  
66 . 8  
* *  
0 . 13 
NS 
82 . 7  
82 . 1  
8 5 . 5  
4 7 . 5  
59 . 7  
65 . 5  
84 . 0  
86 . 9  
85 . 6  
70 . 1  
72 . 6  
75 . 0  
7 1 . 7  
69 . 8  
7 0 . 1  
** 
0 . 15 
NS 
89 . 0  
87 . 2  
87 . 6  
88 . 6  
8 6 . 7  
88 . 0  
9 0 . 0  
88 . 2  
88 . 9  
8 6 . 7  
8 6 . 9  
87 . 3  
88 . 9  
87 . 6  
89 . 4  
NS 
0 . 17 
NS 
9 0 . 7  
89 . 3  
9 1 . 8  
8 8 . 9  
9 0 . 2  
9 0 . 2  
8 9 . 8  
9 0 . 3  
9 0 . 4  
9 0 . 5  
9 1 . 2  
9 1 . 8  
9 1 . 2  
8 8 . 7  
' 87  . 4  
0 . 16 
. NS 
0 . 12 
* , * * = I ndicates significance at the 0 . 05 and b . O l 
probabil ity , respec�ively . NS = probabil ity is greater 
than 0 . 3 0 .  
· 
1 0 2 . 
The effect of Cl fertilization on solute potential at 
grain fill . 
Site 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CUltivar Cl 8 6H 8 6L 8 7H 8 7 8 
- - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
kg ha-l -------------- MPa - - - - - - - - - - - - - - -
. Moore 0 1 . 04 1 . 3 4 1 . 7 0 1 . 50 
3 2  1 . 02 1 . 2 0 1 . 6 4 1 . 4 8 
64  1 . 0 0 1 . 00 1 . 79 1 . 4 6 
Ogle 0 1 . 05 1 . 3 4 1 . 6 8 1 . 4 2 
3 2  1 . 12 1 . 1 1 1 . 6 6 1 . 4 6 
64  1 . 13 1 . 3 5 1 . 8 3 1 . 54 
Benson 0 1 . 02 1 . 2 7 1 . 8 5 1 . 67 
3 2  1 . 12 1 . 2 4 1 . 8 5 1 . 5 6 
64 1 . 10 1 . 4 4 2 . 19 1 . 6 6 
Fraker 0 1 . 04 1 . 4 6 1 . 77 1 . 58 
3 2 1 . 07 1 . 4 8 1 . 8 3 1 . 5  
64  1 . 1 1 1 . 57 1 . 8 6 1 . 59 
Lancer 0 1 . 18 1 . 4 8 1 . 8 5 1 . 65 
3 2  1 . 14 1 . 4 6 1 . 8 6 1 . 5 6 
64  1 . 2 3 1 . 0 6 1 . 7 7 ·1 .  7 1  
S igni ficance of F 
Cu lt . -*B • � 0 . 11 * *  * 
Cl .... liS 0 . 2 5 0 . 06 0 . 12 
Cu lt . X Cl NS NS 0 . 08 0 . 2 6 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - -
* , * * = I ndicates significanc� at the 0 . 05 and 0 . 0 1 
probabi l ity ,  respectively . NS = · probabil ity i s  greater 
than 0 . 3 0 .  · 
. , · 
1 0 3 . 
The effect of Cl fertilization on solute potential 
adj usted for full turgor at grain fil l . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
S ite 
CUltivar Cl 8 6H 86L 8 7H 8 7 8  
. 









3 2  
64  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
S ignificance of E 
Cult . 
Cl 
Cult . X Cl 
--------------MPa - - - - - - - - - - - - - - -
0 . 94 
0 . 9 2 
0 . 8 9 
0 . 7 6 
0 . 7 3 
0 . 8 8 
0 . 9 3 
1 . 0 1 
0 • . 9 8  
0 . 8 5 
0 . 8 7 
0 . 8 6 
0 . 7 7 
0 . 8 9 
0 . 8 1 
0 . 07 
NS 
0 . 19 
1 . 1 1 
0 . 9 7 
0 . 8 6 
0 . 6 1 
0 . 6 6 
0 . 8 7 
1 . 07 
1 . 07 
1 . 2 3 
1 . 0 6 
1 . 08 
1 . 16 
1 . 0 1 
0 . 9 8 




1 . 51 
1 . 4 3 
1 . 57 
1 . 4 8 
1 . 4 4 
1 . 6 1 
1 . 6 7 
1 . 63 
1 . 9 5 
1 . 5 3 
1 . 59 
1 . 62 
1 . 6 4 
1 . 6 3 
1 . 58 
* *  
* 
0 . 08 
1 . 3 6 
1 . 3 2 
1 . 3 4 
1 . 2 6 
1 . 3 1 
1 . 3 9 
1 . 5 0 
1 .  4 1  
1 . 5 0 
1 . 4 3 
1 . 3 7 
1 . 4 5 
1 . 5 1 
1 . 3 8 
1 . 5 0 
0 . 0 7 
0 . 09 
NS 
1 0 4 · 
* , * * = Indicates s ignificanc� at the 0 . 0 5 and 0 . 01 
probabil ity , respectively . NS = probabil ity is greater . . 
than 0 . 3 0 .  
1 0 5 
The effect of Cl fertil ization on stomatal conductance at 









3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
64 
0 
3 2  
6 4  
S ignificance of � 
Cult . 
Cl 
Cult . X Cl 
Site 
86H 86L 8 7H 8 7 .8 
----------- mg m- 2 s-1 --- --------
4 194 
4 3 3 8 
4 3 3 8 
4 3 3 8 
4 3 92 
4 2 8 4  
4 51 8 
4 4 6 4 
4 8 6 0  
4 2 12 
39 78 
3798 
4 4 2 8  
4 0 3 2  
4 2 6 6 
* *  





174 6  
2 2 8 6  
2 070  
18 3 6  
18 9 0  
162 0 
2 2 8 6  
24 12 
2 4 12 





0 . 1 1 
5076 
4 8 4 2  
4 68 0  
5598 
5 3 2 8  
5 4 9 0  
5 4 0 0  
5 4 3 6  
5 4 18 
5 2 5 6  
5 4 9 0  
5 2 02 
5 2 7 4  
5 5 2 6  
5598  
0 . 1 1 
NS 
NS 
5 2 7 4  
5 7 6 0  
5562  
5 3 2 8  
5 6 8 8  
5 5 8 0  
6 0 3 0  
6 0 8 4  
5 8 14 
5 5 6 2  
53 64 
5 3 2 8  
5778 
6 0 12 
5778 
0 . 1 1 
0 . 2 5 
NS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
· * , * * = Indicates s ignificance at the 0 . 05 and 0 . 01 
probabil ity ,  respectively . NS = probabil ity is greater 
than 0 . 3 0 .  
1 0 6  . 
The effect of Cl fertil ization on stomatal conductance at 
heading stage . 
Site 












3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
S ignificance of E 
Cult . 
Cl 
Cult . X Cl 
3 5 4 6  
3 7 4 4  
3 7 08 
3 3 8 4  
2 9 1 6  
3 2 4 0  
4 5 0 0  
4 1 9 4  
4 2 6 6 
3 2 0 4 
3 1 3 2  
2 8 62 
2 5 3 8 
2 5 2 0  




3 7 8 0  
372 6 
3 8 1 6  
3 8 7 0  
4 19 4  
4 15 8  
4 1 4 0  
4 1 5 8  
3 8 3 4  
4 1 2 2  
3 7 9 8  
3 9 0 6  
4 19 4  
4 17 6  




3 2 04 
3 3 3 0  
3 4 5 6  
3 5 4 6  
3 5 6 4  
3 4 7 4  
3 2 4 0  
3 4 5 6  
3 2 4 0  
3 4 7 4  
4 0 6 8  
3 9 0 6  
3 8 7 0  
3 9 0 6  




2 68 2  
2 64 6  
2 6 64  
3 0 6 0  
3 2 04 
2 6 8 2  
2 6 2 8  
2 4 6 6 
2 4 8 4  
3 1 8 6  
2 9 8 8  
3 4 5 6  
2 8 8 0  
2 7 18 




* , * * = Indicates s igni ficance at the 0 . 05 and 0 . 01 
probabil ity ,  respectively . NS = probabil ity i s  greater 
than 0 . 3 0 .  
· 
The effect of Cl fertil ization on stomatal conductance 
gra in fill . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Site 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CUltivar Cl 8 68 8 6L 8 7H 8 7 ·8  






S ign ificance 
Cult . 
Cl 
Cult . X Cl 
kg ha-l 
0 
3 2  
6 4  
0 
3 2  
6 4 
0 
3 2  
6 4 
0 
3 2  
6 4 
0 
3 2  
6 4 
of 1: 
----------- mg m-2 s - 1 _ _ _ _ _ _ _ _ _ _  
13 14 702 2 57 4  4 068 
117 0 7 3 8  3 18 6  4 2 8 4 
12 9 6  666 3 4 9 2 4 2 3 0  
8 10 5 2 2  3 6 0 0  4 5 7 2  
8 64 540 3 6 0 0  4 5 0 0  
1116 648 3 5 6 4  4 2 1 2 
1656 8 64 2 3 7 6  4 4 6 4 
1062 9 00 2 6 2 8  3 9 4 2  
1 5 3 0  9 0 0  2 5 0 2  4 0 5 0  
108 0 6 3 0 2 5 9 2  4 0 14 
97 2 576 3 � 9 4  3 6 18 
1 2 4 2  504 2 7 5 4  3 5 4 6  
8 4 6 666 2 7 1 8 4 5 1 8 
5 9 4  54 0 2 7 0 0  3 1 6 8  
8 2 8  4 3 2  2 5 9 2  3 9 7 8 
* * NS NS 0 . 1 3 
NS NS 0 . 2 0 0 . 2 3 
NS NS NS NS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - � - - - - - - - - - - -
* , * * = Indicates significance at the o . o 5 and 0 . 0 1 
probabil ity ,  respectively . NS = probabil ity i s  greater 
than 0 . 3 0 .  
1 0 7 . 
at 
Effect of Cl fertilization on plant Cl concentration 
at boot stage . 
-- - -------- - - - --------- - - - -------------- - - ---- - - -------
S ite 
---------------------------------
Cultivar Cl 8 6H 8 6L 8 7H 8 7 - B  
-- -- - - -- -- - -� - -- - - - ---- ---- - - -- - - - - ----- - - - - - - - - - - -- - - -









CUlt . X Cl 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
64 
0 
3 2  
6 4  
0 




1 . 1 1 . 5  
1 0 . 7 6 . 4  
1 3 . 8  10 . 4  
1 . 1  1 . 7  
8 .  6 • 6 . 3  
13 . 4  1 0 . 0  
1 . 1  1 . 5  
10 . 0  6 . 9  
14 . 4  11 . 5  
1 . 3  3 . 1  
7 . 1  5 . 3  
15 . 2  11 . 1  
1 . 0  1 . 6  
6 . 7  6 . 7  
14 . 0  10 . 5 
0 . 17 0 . 2 0 
* * ** 
** ** 
g kg- 1 --------------
1 . 5 5 . 4  
5 . 7  1 0 . 0  
8 . 3  1 4 . 5  
1 . 3  5 . 3 
5 . 7  9 . 8  
7 . 0  1 3 . 0  
2 . 4 5 . 2 
6 . 5  1 0 . 6 
8 . 6  1 5 . 1  
1 . 9  6 . 3  
5 . 8  1 0 . 5  
8 . 6  1 5 . 3  
1 . 3  5 . 3  
5 . 0  9 . 6  
7 . 2  1 3 . 1  
* * * 
* *  * *  
NS 0 . 1 3 
* , * * = Indicates significance at the 0 . 0 5 and 0 . 0 1 
probabil ity , respectively . NS = probabil ity is greater 
than 0 . 3 0 .  
1 0 8. 
E ffect of Cl fertil ization on plant Cl concentration 
at heading stage . 
S ite 
- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -
Cultivar Cl 8 6H 8 6L 8 7H 8 78� 
- - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
kg ha- 1 
Moore 







Cult . X Cl 
0 
3 2  
6 4 
0 
3 2  
6 4 
0 
3 2  
6 4  
0 
3 2  
6 4  
0 
3 2  
6 4  
of E. 
- - - - - - - - - - - g 
1 . 0  2 . 5  
3 . 9  4 . 9  
8 . 3  7 . 6  
0 . 9 1 . 7  
4 . 6  5 . 6 
7 . 6  6 . 1  
1 . 0 0 . 9 
5 . 9  4 . 6  
1 0 . 0  8 . 6  
0 . 9  1 . 2  
4 . 6  5 . 2  
8 . 2  7 . 4  
0 . 7  1 . 4  
4 . 4  4 . 3  
7 . 6  7 . 2  
* * NS 
* * **  
**  0 . 0 8 
kg-1 - - - - - - - - - - - .- - -
1 . 3  4 . 7 
4 . 8  7 . 5  
7 . 9  9 . 8  
1 . 2  4 . 6  
4 . 9  6 . 7  
6 . 4  1 0 . 3  
2 . 1  4 . 7  
5 . 0  7 . 0  
8 . 0  1 0 . 3  
1 . 4  4 . 9  
4 . 9· 7 . 5  
1 . 6  1 0 . 9  
1 . 1  4 . 8  
4 . 5  8 . 2  
7 . 4  1 0 . 5  
* NS 
* *  * *  
* ' 0 . 2 0 
* , * * = Indicates significance at the 0 � 0 5 and 0 . 0 1 
probabil ity , respectively . NS = probabil ity is greater 
than 0 . 3 0 .  
· 
1 0 9 -
1 1 0 . 
Appendix B 
Means and AOV for Nitroqen by Chloride s tudy 
Ana l ys i s  of var i ance tab l e  
Source 
of 
Var i ance 
loc 
N 
C l  
loc*N 
Loc*C l 
N*C l  
loc*N*C l 
T i l l ers Seeds 1 000 
Gra i n  Tes t  pe r  
Y i e l d  �t . Meter 
** ** ** 
NS * * 
NS NS NS 
** NS N S  
. 1 2  . 07 N S  
NS NS NS 
NS NS NS 
per kerne l 
T i l l er �t . 
** ** 




. 06 NS 
N S  ** 









P l ant 














N S  
N S  
NS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* ** I nd i cate s i gn i f i cance at t he 0 . 05 and 0 . 01 probabi l i ty , 
respec t i ve l y .  Ns = probab i l i ty i s  g reater than 0 . 1 5 .  
Ana l ys i s  o f  var i ance tab l e .  
Source 
of 








Groa t  Groat 



















- - - - - - - - - - - - - - -
P l ant P l ant 
N C l 
Cone . Cone . 
** ** 
** ** 
. 1 3 ** 
•• NS 
** ** 
N S  ** 
** NS 
Head i ng Stage 
- - - - - - - - - - - - - - -





. 1 2  
** 
* 
N S  
NS 
P l ant 









* , ** I nd i c a t e  s i gni f i cance at t he 0 . 05 and 0 . 0 1  probab i l i ty 
l eve l s ,  respect i ve l y.  NS = probab i l i ty i s  greater than 0 . 1 5 .  
l eve l s ,  
. , · 
1 1 1 -
The effect N and Cl fertilization has on test weight in oat. 
N I TROGEN 
0 
3 4  
6 8  
1 0 2  
1 3 6  
Cl 
0 








6 5  
S ign i f icance o f  � 
N rate 
Cl rate 
N X C l  
8 6H 
3 66 . 8  
3 6 6 . 8  
3 57 . 8  
3 7 4 . 5  
3 5 3 . 9  
3 50 . 1 
3 3 3 . 3  
3 4 6 . 2  
3 2 5 . 6  
3 3 3 . 3  
* *  
0 . 1 6 
0 . 3 0 
8 6L 
4 15 . 7  
4 04 . 1  
4 15 . 7  
4 2 3 . 4  
4 18 . 3  
4 2 0 . 8  
4 04 . 1  
4 10 . 6  
3 9 3 . 8  






3 2 3 . 0  
3 1 1 . 5  
3 0 5 . 0  
3 0 3  •. 7 
2 7 9 . 3  
3 2 0 . 5  
3 0 2 . 4  
2 9 9 . 9  
2 9 3 . 4  
3 0 6 . 3  
0 . 2 7 
* 
* * 
8 7 L  
3 7 1 . 9  
3 7 3 . 2  
3 68 . 1  
3 7 3 . 2  
3 7 0 . 7  
3 52 . 6  
3 6 6 . 8  
3 7 5 . 8  
3 5 3 . 9  
3 6 1 . 6  
* *  
NS 
NS 
8 7 B  
3 7 7 . 1  
3 7 4 . 5  
3 5 9 . 1  
3 6 8 . 1  
3 5 6 . 5  
3 57 . 8  
3 6 9 . 4  
3 5 5 . 2  
3 7 0 . 7  




1 1 2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* , * *  Indicate s igni fcance at the 0 . 0 5 and 0 . 0 1 probab ility l eve l , 
re spective l y .  NS = probab i l ity is greater than 0 . 3 0 .  
The ef fect N and Cl- fertiliz ation has on 1 0 0 0  kernel 
we ight in oat. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Site 
-- -- - -- - - - - - --- - ---- --- - -- - - --- - - - - ----- - - -
NITROGEN Cl 8 6H 8 6L 87H 8 7 L  8 7 B  
-- ----------------------------------------------�- ----------
kg ha- l kg ha- l I - -- - - - - - - - - - - - - - - - - g - - - - --- - - - - - - ----- - -
0 0 2 5 . 1  2 6 . 9  27 . 1  3 0 . 0  2 7 . 4  
6 5  2 5 . 4  2 7 . 3  3 5 . 0 3 1 . 5  2 6 . 9  
3 4  0 2 3 . 2  2 6 . 9  28 . 3  3 0 . 8  2 7 . 4  
6 5  2 3 . 9  2 8 . 0  27 . 8  3 1 . 2  2 6 . 6  
6 8  0 2 2 . 4  2 5 . 8  28 . 4  3 0 . 9 2 4 . 1  
6 5  2 2 . 6  2 7 . 2  28 . 8  3 0 . 3 2 7 . 9  
1 0 2  0 2 1 . 3 2 4 . 8  28 . 5  3 0 . 0  2 6 . 8  
6 5  2 2 . 9  2 7 . 1  28 . 8  3 0 . 0  2 7 . 0  
1 3 6  0 2 1 . 2 2 4 . 4  2 7 . 7  3 0 . 0  2 6 . 3  
6 5  2 2 . 1  2 6 . 6  2 8 . 7  3 0 . 9 2 7 . 5  
S ign i f icance of _r 
N rate * *  * NS NS NS 
Cl rate 0 . 0 8 * *  0 . 0 7 0 . 1 3 0 . 1 4 
N X Cl NS 0 . 1 5 0 . 1 1  0 . 3 0  0 . 0 8 
1 1 3 -
* , * * I nd i cate s igni fcance at the 0 . 0 5 and 0 . 0 1 probab i l ity l eve l , 
respect ively . NS = probabil ity i s  greater than 0 . 3 0 .  
The e f fect of N and Cl fert il i zation has on seeds t i l ler- l  
i n  oat . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
NITROGEN 
0 
3 4  
6 8  
1 0 2  
1 3 6  
Cl 
kg �a - 1 
0 
6 5  
0 
6 5  
0 
6 5  
0 
6 5  
0 
6 5  
S ign i f icance o f  � 
N rate 
Cl rate 
N X Cl 
S ite 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
8 6H 
3 5 . 6  
4 1 . 0 
4 0 . 4  
3 9 . 2  
3 8 . 0  
3 9 . 8 . 
3 9 . 2  
3 8 . 4  
3 7 . 4  
4 0 . 8  
NS 
0 . 1 6 
0 . 1 9 
8 6L 
3 1 . 2 
3 4 . 7  
3 2 . 8  
3 5 . 7  
3 0 . 8  
3 4 . 7  
3 2 . 5  
3 1 . 7  
2 8 . 0  
3 4 . 0  
NS 
0 . 2 3 
NS 
8 7H 8 7 L  8 7 B  
seeds t i l ler- 1 - - - - - - - - - - -
2 6 . 5  
2 5 . 8  
2 4 . 7  
2 6  .. 3 
2 8 . 0  
2 6 . 2  
2 7 . 9  
2 7 . 5  
2 5 . 2  




3 3 . 4  
3 0 . 8  
3 3 . 7  
3 5 . 2  
3 3 . 2  
2 9 . 0  
3 2 . 3  
2 9 . 9  
3 8 . 5  
3 4 . 2  
* * 
0 . 0 6 
NS 
4 4 . 2  
4 4 . 5  
3 7 . 8  
4 3 . 1  
4 7 . 1  
4 0 . 4  
4 1 . 0 
3 6 . 1 
3 8 . 9  
3 6 . 4  
0 . 1 3 
NS 
NS 
1 1 4 
* , * * I nd icate s ign i fcance at the 0 . 0 5 and 0 . 0 1 probab i l i ty l evel , 
respective ly . NS = probab il ity is greater than 0 . 3 0 .  
. , · 
The e ffect of N and Cl fert i l i z ation has 
on lodging in oat . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -------- - - - -
S ite 
------- ----------- - - -
NITROGEN Cl . 8 6H 8 6L 87B 
- - - - - - - - - - - - - - - - - - - ----------------- -- - - -
kg ha 1 kg ha� Belgium Index/ 1 
0 0 0 . 8  0 . 3  4 . 3  
6 5  0 . 4  0 . 4  3 . 0  
3 4  0 1 . 3 1 . 0  4 . 0  
6 5  0 . 5  1 . 0  3 . 6  
6 8  0 1 . 5  3 . 3  6 . 9  
6 5  2 . 0  2 . 5 4 . 9  
1 0 2  0 3 . 2  5 . 2  6 . 8  
6 5  2 . 4  3 . 7 5 . 7  
1 3 6 0 5 . 5  7 . 1  5 . 7  
6 5  2 . 9  4 . 0  5 . 6 
S ign i f icance o f  I: 
N rate * *  * *  * *  
Cl rate * *  * * 
N x ·c1  0 . 1 2 0 . 1 3 NS 
/ 1  Be lgium i ndex scal e : 0 . 2  = no lodging , . 
9 . 0  = p l ot 1 0 0 %  l odged 
* , * *  I nd icate s igni fcance at the 0 . 0 5 and 
0 . 0 1 probab i l i ty l evel � respective ly . 
NS = probab i l ity i s  greater than 0 . 3 0 .  
Lodg i ng sca l e  ( 0 . 2 -9 . 0 ) 
1 1 5 . 
. , · 
. . 
The e f fect o f  N and Cl fert i l i z at ion has on groat p rote i n  
cone . i n  oat . 
S ite 
N ITROGEN Cl 8 6H 8 6L 8 7 H  8 7 L  8 7 B  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -
1 1 6. 
kg ha- l 
0 
kg ha
- l -------------- ---- g kg- 1 - - - - - - - - - - - - - - - - -
3 4  
6 8  
1 0 2  
1 3 6  
0 
6 5  
0 
6 5  
0 
6 5  
0 
6 5  
0 
6 5  
S ign i f icance o f  E 
N rate 
Cl rate 
N X Cl 
1 8 2 . 0  
1 7 4 . 0  
1 7 9 . 0  
17 7 . 0  
1 8 9 . 0  
1 8 2 . 0  
1 9 0 . 0  
1 9 0 . 0  
198 . 0  
2 0 0 . 0  
* *  
* 
NS 
1 6 2 . 0  
1 6 2 . 0  
1 6 4 . 0  
1 6 9 . 0  
17 5 . 0  
17 3 . 0  
1 8 5 . 0  
18 6 . 0  
19 6 . 0  
1 9 3 . 0  
* *  
NS 
NS 
2 2 7 . 0  
2 18 . 0  
2 3 4 . 0  
2 3 3 . 0  
2 3 7  • . o 
2 3 2 . 0  
2 3 2 . 0  
2 2 6 . 0  
2 3 8 . 0  




1 7 6 . 0  
1 6 8 . 0  
1 8 2 . 0  
1 7 5 . 0  
2 04 . 0  
2 0 1 . 0  
2 17 . 0  
2 0 6 . 0  
2 0 4 . 0  
2 0 3 . 0  
* *  
* 
NS 
1 8 2 . 0  
1 9 3 . 0  
1 9 3 . 0  
1 9 6 . 0  
1 9 9 . 0  
1 9 5 . 0  
1 9 5 . 0  
1 9 6 . 0  
2 0 0 . 0  




� - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* , * * Ind icate s igni fcance a t  the 0 . 0 5 and 0 . 0 1 probab i l ity 
l eve l , respect ively . NS = probab i l ity i s  greater than 0 . 3 0 .  
The e f fect of N and Cl fert i l i zat ion has on groat o i l  
content i n  oat .  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - -
Site 
NITROGEN Cl 8 6H 8 6 L  8 7H 8 7 L  8 7 B  
kg ha- 1  
0 
kg ha- 1 ------------------- g
. kg- 1 --------------
3 4  
6 8  









6 5  
0 
6 5  
S ign i f icance of � 
7 6 . 0  
7 3 . 0  
7 3 . 0  
78 . 0  
7 8 . 0  
7 4 . 0  
77 . 0  
7 4 . 0  
7 6 . 0  
74 . 0  
N rate NS 
Cl rate 0 . 07 
N X Cl * *  
6 9 . 0  
7 0 . 0  
7 0 . 0  
7 0 . 0 
6 8 . 0  
68 . 0  
68 . 0  
67 . 0  
69 . 0  




5 6 . 0  
58 . 0  
59 . 0  
59 . 0  
56 . 0  
57 . 0  
58 . 0  
59 . 0  
55 . 0  




6 5 . 0  
6 5 . 0 
6 2 . 0  
6 5 . 0  
6 2 . 0  
6 3 . 0  
6 1 . 0  
6 1 . 0  
6 1 . 0  
6 2 . 0  
* * 
0 . 1 6 
NS 
6 7 . 0  
6 6 . 0  
6 7 . 0  
6 6 . 0  
6 6 . 0  
6 6 . 0  
6 7 . 0  
6 7 . 0  
6 6 . 0  




1 1 7 
* , * * Ind icate s igni fcance at the 0 . 0 5 and 0 . 0 1 probab i l i ty l evel , 
respect ive l y . NS = probab i l ity i s  greater than 0 . 3 0 .  
. , · 
The e f fect of N and Cl fert i l i z ation has on c rown 
rust in oat . 
s ite 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
NITROGEN Cl 8 6H 8 6L 8 7 L  8 7 B  
- - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
kg ha- l  kg ha-l - - - - - - - - - - - - - - % - - - - - - - - - - - - - -
0 0 1 8 . 6  4 . 3  5 . 0  6 . 5  
6 5  1 3 . 0  4 . 7 5 . 3  5 . 3  
3 4  0 20 . 0  1 2 . 2  5 . 3 5 . 3  
6 5  2 6 . 6  7 . 3  5 . 0 5 . 7  
68 0 2 3 . 0  1 5 . 5  5 . 7  8 . 2  
6 5  2 4 . 0  . 9 . 3  5 . 3  5 . 3 
1 0 2  0 3 2 . 0  1 9 . 0  9 . 0  7 . 5  
6 5  3 2 . 4  1 8 . 3  5 . 8  6 . 5  
1 3 6  0 3 0 . 6 1 4 . 5  9 . 0  6 . 8  
6 5  2 5 . 0  1 8 . 3  7 . 8  5 . 3  
S ign i f icance of I: 
N rate * *  * *  0 . 0 8 0 . 2 1  
Cl rate NS NS 0 . 1 5 * 
N X C l  NS 0 . 1 8 NS 0 . 1 2 
1 1 8 
* , * *  Ind icate s ign i fcance at the 0 . 0 5 and 0 . 0 1 proba b i l ity l ev e l , 
re spect ive ly .  NS = probabi l ity i s  greate r than 0 . 3 0 .  
The e ffect of N and Cl fertilization. has on plant Cl 
cone . in oat at boot stage . 
S ite 
NITROGEN Cl 8 6H 8 6L 8 7H 8 7 8  
kg ha-l ------------ g kg- 1  --- ----------
0 
3 4  
6 8  
1 0 2  
1 3 6 
0 
6 5  
0 
6 5  
0 
6 5  
0 
6 5  
0 
6 5  
S ign i f icance o f  � 
1 . 4 
18 . 1  
2 . 0  
1 8 . 4 
2 . 6  
14 . 4  
1 . 5 
15 . 1  
1 . 1  
13 . 9  
N rate · * *  
C l  rate * *  
N X C l  * *  
2 . 5  
12 . 7  
2 . 0 
11 . 4 
1 . 1  
9 . 8  
1 . 5  
8 . 2  
1 . 3  
10 . 8  
* *  
* *  
* 
3 . 3  
9 . 8  
2 . 1  
9 . 7  
2 . 2  
9 . 2  
2 . 6  
8 . 9  
2 . 2  
9 . 2  
NS 
* *  
NS 
7 . 0  
1 6 . 5  
7 . 5  
17 . 3  
6 . 8  
1 6 . 5  
7 . 5  
1 4 . 9  
6 . 6 
15 . 5  
0 . 1 7 
* *  
0 . 12 
* , * * Indicate s ignifcance at the 0 . 05 and 0 . 0 1 
probabil ity level , respectively . NS = probab i l ity is 
greater than 0 . 3 0 .  
1 1 9 . 
The effect of N and Cl fertil ization has on plant Cl 
cone . at heading stage in oat . 
S ite 
NITROGEN Cl 8 6H 8 6L 87H 8 7B 
kg ha- l  
0 
kg ha-1 ------------ g kg-1 -------------
3 4  
68  
1 0 2  








6 5  
0 
6 5  
S igni ficance of F 
N rate 
Cl rate 
N x Cl 
1 . 2  
9 . 7  
1 . 3 
9 . 9  
2 . 5  
9 . 1  
1 . 0  
8 . 1  
. 8  
9 . 8  
NS 
* *  
NS 
2 . 1  
8 . 0  
2 . 1  
7 . 3  
. 9  
6 . 7  
3 . 2  
8 . 3  
1 . 0 




2 . 7 
9 . 5  
1 . 8  
8 . 3  
2 . 0  
8 . 4  
1 . 9  
7 . 9  
1 . 8  
6 . 8  
0 . 0 6 
* *  
NS 
5 . 5  
1 0 . 4  
5 . 9  
1 1 . 9  
5 . 7  
1 0 . 7  
5 . 6  
1 1 . 1  
5 . 3  
1 1 . 9  
NS 
* *  
NS 
* , * * Indicate s ign i fcance at the 0 . 0 5 and 0 . 0 1 
probab i l ity level , respect ively .  NS = probab i l i ty is 
greate r than 0 . 3 0 .  
1 2 Q  
The effect o f  N and Cl fertilization has on plant 
nitrate-N cone . in oat at boot stage . 
S ite 
NITROGEN Cl 8 6H 8 6L 8 7H 8 7 B  
kg ha- l  
0 
kg ha- 1  ------------- g kg- 1  --------------





6 5  
0 
6 5  
0 
6 5  
0 
6 5  
0 
6 5  
S ign i ficance of � 
N rate 
Cl rate 
N X Cl 
. 4  
. 3  
1 . 6 
. 9  
4 . 8  
2 . 6  
7 . 4  
3 . 4  
9 . 2  
5 . 8  
* *  
* *  
* *  
. 2  
. 3  
. 3  
. 3  
. 3 
. 4  
. 9  
1 . 0  
2 . 0  
1 . 9  
* *  
NS 
NS 
3 . 5  
2 . 3  
5 . 1 
4 . 0  
5 . 7  
4 . 2  
6 . 4  
5 . 3 
6 . 7  
6 . 3 
* *  
* *  
NS 
1 . 1 
1 . 3 
2 . 5  
2 . 0  
4 . 7  
3 . 7 
5 . 7  
5 . 3  
7 . 0  
5 . 8  
* *  
* 
NS 
* , * * I ndicate s ignifcance at the 0 . 0 5 and 0 . 0 1 
probabil ity level , respect ively . NS = probabi l i�y is 
greater than 0 . 3 0 .  
1 2 1. 
The e ffect of N and Cl fertil ization has on plant 
nitrate-N cone . in oat at heading stage .  
S ite 
NITROGEN Cl 8 6H 8 6 L  • 8 7H 8 7 B  
kg ha-l ------------ g kg-1 --------------
0 
3 4  
6 8  







6 5  
0 
6 5  
0 
6 5  
S ign i f icance o f  � 
N rate 
Cl rate 
N X Cl 
. 3  
. 4  
. 7  
. 5  
1 . 3 
1 . 1 
2 . 2  
1 . 6 
3 . 0  
3 . 0  




. 2  
. 2  
. 2  
. 2  
. 2  
. 4  
. 5  
. 8  
. 7  
* *  
NS 
NS 
2 . 5  
1 . 6  
3 . 5  
3 . 1  
4 . 1  
2 . 8  
4 . 8  
3 . 8  
5 . 1  
4 . 3  
* *  
* *  
NS 
1 . 2  
1 . 0 
2 . 2  
2 . 1  
3 . 4  
3 . 1  
4 . 7  
4 . 4  
5 . 6  
5 . 1  
* *  
0 . 1 4 
NS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* , * * Indicate s igni fcance at the 0 . 05 and 0 . 0 1 
probab i l i ty l evel , respectively . NS = probab i l ity i s  
greater than 0 . 3 0 .  
1 2 2  ° 
The effect of N and Cl fertil ization has on barley 
yellow dwarf in oat . 
s ite 
- - - - - - - - - - - - - - - - - - - - - - - � - - -
NITROGEN Cl 8 7H 87L 8 7 B  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -
kg ha.;,.1 kg 'ha- l  - - - - - - - - g kg-
1 
- - - - - - - - -
0 0 3 . 3  2 . 7  1 . 7  
6 5  3 . 2 2 . 2  1 . 5  
3 4  0 4 . 2  2 . 2  1 .  7 . 
6 5  3 . 2  2 . 8  2 . 0  
68  0 2 . 8  2 . 5  1 . 5 
6 5  3 . 3  2 . 2  . 5  
102 0 3 . 5 2 . 7  . 7  
6 5  2 . 7  2 . 5  . 5  
13 6 0 4 . 0  2 . 2  . 7  
6 5  4 . 2  2 . 3  . 8  
S ign i ficance o f  :E 
N rate 0 . 10 NS * *  
Cl rate 0 . 1 6 NS NS 
N X Cl NS * *  0 . 3 0 
* , ** Indicate s igni fcance at the 0 . 05 and 0 . 0 1 
probabil ity level , respect ive ly . NS = probab i l ity is 
greater than 0 . 3 0 .  
. - . .  
1 2 3-
1 2 4 · 
Appendix c 
Monthly Precipi tation at s i te s  
. . 
1 2 5  
Monthly precipitation at 5 field sites . 
Month 
S ite April May June Jul y  August Total 
� - - - - - - - � - - - - - - - - - - - - - em - - - - - - - - - - - - - - - - - - - - - - -
8 6H 1 6 . 3 . 9 . 3  7 . 2  13 . 3  6 . 0  5 2 . 1  
8 6L 1 6 . 0  9 . 3  18 . 0  6 . 0  1 1 . 9  6 1 . 1  
8 7H 1 . 4  2 . 4  2 . 9  18 . 8  5 . 0  3 0 . 6  
8 7 L  1 . 0  7 . 6  7 . 2  19 . 1  4 . 4  3 9 . 3  
8 7 B  0 . 7  4 . 2  6 . 5  13 . 4  4 . 8  2 9 . 6  
. , · 
' · 
